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THERMAL EXPANSION, 
Definition of Heat : 
Heat is a form of energy which is transferred between a system and its surrounding as a result of 
temperature difference only. 


Thermal Expansion : Expansion due to increase in temperature. 


1. Type of thermal expansion 


Coefficient of expansion For temperature change 
At change in 

жи 

(i) Linear poter ИШ LA length A/ =/, a At 
0 

- еә Үл 
(ii) Superficial В= Lim yum Area AA=A,BAt 

СИТЕТ 152 3 
iii) Volume Jeu volume AV = V,yAt 

а-ә V, At 0 


(a) For isotropic solids o = a, = a, = a (let) 
so В -2о and y = 3a 
(b) For anisotropic solids B — о) “о, and y=a,+a,+@, 
Here a, , œ, and a, are coefficient of linear expansion іп X , У and Z directions. 





2; Variation in density : With increase of temperature volume increases so density decreases and 
vice-versa. 
а d 
(1+yAt) 


For solids values of y are generally small so we can write d = d, (1—yAt) (using bimomial expansion) 


(i) y for liquids are in order of 10-3 
(ii) For water density increases from 0 to 4°C so y is—ve (0 to 4° C) and for 4? C to higher temperature y 
is +ve. At 4? C density is maximum. 


3. Thermal Stress : А rod of length |, is clamped between two fixed walls with distance |. If temperature 
is changed by amount At then 
F 
stress := A (area assumed to be constant) 
AI =т=: 
5{гаш = i 0 : 


FA Fl Е 
Y- ARA ДОЛ 
or F=YAaAt 
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4. If ais not constant 


(i) (a. varies with distance) Let о = ax+b 
Total expansion = [ expansion of length ах = | (ах +b)dx At 
0 


(ii) (a. varies with tempearture) 


Le а-қ) ———— 


dx 


Caution : If о is in °С then put T, and T, in °C. 
similarly if o is in K then put T, and T, in K. 


CALORIMETRY 


Quantity of heat transfered and specific heat 


The amount of heat needed to incerase the temperature of 1 gm of water from 14.5? C to 15.5°C at STP 
is | calorie 
dQ = mcdT 

1, 


Q=m | CdT (be careful about unit of temperature, use units according to the given units of C) 
T 


Heat transfer in phase change 


Q=mL L= latent heat of substance in cal/ gm/°C or in Kcal/ kg/ °C 
Lise = 80 cal/ gm for ісе 
L eam = 540 cal/ gm 


HEAT- TRANSFER 
(A) Conduction : Due to vibration and collision of medium particles. 


(i) Steady State : In this state heat absorption stops and temperature gradient throughout the rod 


becomes constant i.e. = = constant. 
(0) Before steady state : Temp of rod at any point changes 
Note : If specific heat of any substance is zero, it can be considered always in steady state. 
1. Ohm’s law for Thermal Conduction in Steady State : 

Let the two ends of rod of length 1 is maintained at temp T, and T,( Т, > Т.) 


+ doeet 
Thermal current dT ^ Kg, n 7 : 


Where thermal resistance Ry” z 2 


2. Differential form оў Ohm’s Law T тат 
dT = dx = emperature gradien 
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(B) 
(О 


к; 


Convection : Heat transfer due to movement of medium particles. 
Radiation: Every body radiates electromagnetic radiation of all possible wavelength at all temp>0 К. 
Stefan’s Law : Rate of heat emitted by a body at temp T К from per unit area E = oT* J/sec/n? 
Radiation power = P= ОАТ“ watt 
If a body is placed in a surrounding of temperature То 
= =oA(T*-T,’) 
valid only for black body 


Д heat from general body 
Emissivity ог emmisive power е = ен fom Blac bed. 
If temp of body falls by dT in time dt 

dT _ еАс а 
dt mS" 





-Т,) (dT/dt = rate of cooling) 


Newton’s law of cooling 
If temp difference of body with surrounding is small i.e. T=T, 





dT 4eAo 3 
— = T'(T-T 
den dt mS ‚‹ ) 
dT 
—a(T-T 
50 dt ( 3) 


Average form of Newtons law of cooling 
Ifa body cools from T, to T, in time st 
T-T, Күт, 
SESS CONS а T, | (used generally in objective questions) 


7 





т Ж, 5 : РАИ 
i ER 134) (for better results use this generally in subjective) 


Wein’s black body radiation 
At every temperature (>0K) a body radiates energy radiations of all wavelengths. 
According to Wein’s displacement law if the wavelength corresponding to 
maximum energy is А, 
then à „T=b where b=isa constant (Wein’s constant) 

T =temperature of body 
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EXERCISE — I 


An aluminium container of mass 100 gm contains 200 gm of ice at — 20°C. Heat is added to the 
system at the rate of 100 cal/s. Find the temperature of the system after 4 minutes (specific heat of 
ice = 0.5 and L = 80 cal/gm, specific heat of A/ = 0.2 cal/gm/°C) 


A U-tube filled with a liquid of volumetric coefficient of 10-°/°C lies in a vertical plane. The height of 
liquid column in the left vertical limb is 100 cm. The liquid in the left vertical limb is maintained at a 
temperature = 0°C while the liquid in the right limb is maintained at a temperature = 100°C. Find the 
difference in levels in the two limbs. 


A thin walled metal tank of surface area 5m? is filled with water tank and contains an immersion 
heater dissipating 1 kW. The tank is covered with 4 cm thick layer of insulation whose thermal 
conductivity is 0.2 W/m/K. The outer face of the insulation is 25°C. Find the temperature of the 
tank in the steady state 


A glass flask contains some mercury at room temperature. It is found that at different temperatures 
the volume of air inside the flask remains the same. If the volume of mercury in the flask is 
300 cm’, then find volume of the flask (given that coefficient of volume expansion of mercury and 
coefficient of linear expansion of glass are 1.8 x 10-4 (°С)! and 9 x 10% (°C) respectively) 


A clock pendulum made of invar has a period of 0.5 sec at 20?C. If the clock is used in a climate 
where average temperature is 30°C, aporoximately. How much fast or slow will the clock run in 
109 sec. (ot... 71x10" /?C) 

A pan filled with hot food cools from 50.1 ?C to 49.9 ?C in 5 sec. How long will it take to cool 
from 40.1 °C to 39.9°C if room temperature is 30°C? 


A composite rod made of three rods of equal length and cross-section as shown in the fig. The 
thermal conductivities of the materials ofthe rods are K/2, 5K and K respectively. The end A and 
end B are at constant temperatures. All heat entering the face A goes out of the end B there being 
no loss of heat from the sides of the bar. Find the effective thermal conductivity of the bar 
A B 
SS Сарык Сү: R] 


K/2 5K K 


An iron bar (Young's modulus = 10!! N/m? , a = 10% /°С) 1 m long and 10-3 m? in area is heated 
from 0°C to 100°C without being allowed to bend or expand. Find the compressive force developed 
inside the bar. 


A solid copper cube and sphere, both of same mass & emissivity are heated to same initial 
temperature and kept under identical conditions. What is the ratio of their initial rate of fall of 
temperature? 


A cylindrical rod with one end in a stream chamber and other end in ice cause melting of 0.1 gm of 
ice/sec. If the rod is replaced with another rod of half the length and double the radius of first and 
thermal conductivity of second rod is 1/4 that of first, find the rate of ice melting in gm/sec 
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Q.11 Three aluminium rods of equal length form an equilateral triangle ABC. Taking O (mid 
point of rod BC) as the origin. Find the increase in Y-coordinate per unit change in Ж 
temperature of the centre of mass of the system. Assume the length of | 





the each rod is 2m, and æ; = 4 V3 x10% /°С 


Q.12 Three conducting rods of same material and cross-section are shown in figure. 


Temperature of A, D and C are maintained at 20°C, 90°C and 0°C. Find the 20°C T vc 
ratio of length BD and BC if there is no heat flow in AB | 
90'C D 


Q.13 If two rods of layer L and 2 L having coefficients of linear expansion a and 2a respectively are 
connected so that total length becomes 3 L, determine the average coefficient of linear expansion 
of the composite rod. 


0.14 A volume of 120 ml of drink (half alcohol + half water by mass) originally at a temperature of 25°C 
is cooled by adding 20 gm ice at 0°C. If all the ice melts, find the final temperature of the drink. 
(density of drink = 0.833 gm/cc, specific heat of alcohol = 0.6 cal/gm/°C) 


0.15 A solid receives heat by radiation over its surface at the rate of 4 kW. The heat convectiou rate 
from the surface of solid to the surrounding is 5.2 kW, and heat is generated at a rate of 1.7 kW 
over the volume of the solid. The rate of change of the average temperature of the solid is 
0.5°Сз-!. Find the heat capacity of the solid. 

20°C 10°С Ө -5°С -10°C 

Q.16 The figure shows the face and interface temperature of a composite 

slab containing of four layers of two materials having identical thickness. 


к | 2k} К 2k 
Under steady state condition, find the value of temperature Ө. | 


k = thermal conductivity 





Q.17 Two identical calorimeter A and В contain equal quantity of water at 20°C. A 5 gm piece of metal 
X of specific heat 0.2 cal g`! (C°) is dropped into A and a 5 gm piece of metal Y into В. The 
equilibrium temperature in A is 22?C and in B 23?C. The initial temperature of both the metals is 
40°C. Find the specific heat of metal Y in cal g! (С°). 


Q.18 Two spheres of same radius R have their densities in the ration 8 . 1 and the ratio of their specifi 
heats are 1 : 4. If by radiation their rates of fall of temperature are same, then find the ratio of their 
rates of losing heat. 


Q.19 Inthe square frame of side / of metallic rods, the corners A and C are 7 ; 
maintained at T, and T, respectively. The rate of heat flow from A to ; 
Ciso. If Aand D are instead maintained Т, & T, respectivley find, find the | 
total rate of heat flow. | 


0.20 А hot liquid contained in a container of negligible heat capacity loses temperature at rate 3 K/min, 
just before it begins to solidify. The temperature remains constant for 30 min. Find the ratio of 
specific heat capacity of liquid to specific latent heat of fusion is іп К^! (given that rate of losing heat 
is constant). 
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A thermostatted chamber at small height h above earth's surface maintained at 30°C has a clock fitted in it 
with an uncompensated pendulum. The clock designer correctly designs it for height h, but for temperature of 
20°C. If this chamber is taken to earth's surface, the clock in it would click correct time. Find the coefficient 
of linear expansion of material of pendulum. (earth's radius is R) 


The coefficient of volume expansion of mercury is 20 times the coefficient of linear expansion of 
glass. Find the volume of mercury that must be poured into a glass vessel of volume V so that the volume 
above mercury may remain constant at all temperature. 


Two 50 gm ice cubes are dropped into 250 gm of water ion a glass. Ifthe water was initially at a temperature 
of 25°C and the temperature of ісе -15°С. Find the final temperature of water. 
(specific heat ofice = 0.5 cal/gm/°C and L = 80 cal/gm) 


Water is heated from 10°C to 90°C in a residential hot water heater at a rate of 70 litre per minute. 
Natural gas with a density of 1.2 kg/m? is used in the heater, which has a transfer efficiency of 
32%. Find the gas consumption rate in cubic meters per hour. (heat combustion for natural gas is 
8400 kcal/kg) 


A metal rod A of 25cm lengths expands by 0.050cm. When its temperature is raised from 0°C to 
100°C. Another rod B of a different metal of length 40cm expands by 0.040 cm for the same rise in 
temperature. A third rod C of 50cm length is made up of pieces of rods A and B placed end to end 
expands by 0.03 cm on heating from 0°C to 50°C. Find the lengths of each portion of the composite 
rod. 


A substance is in the solid form at 0°C. The amount 
of heat added to this substance and its temperature — 1? 
are plotted in the following graph.If the relative 
specific heat capacity of the solid substance is 0.5, 
find from the graph 

the mass of the substance ; 

the specific latent heat of the melting process, and poder e м» 
the specific heat of the substance in the liquid state. NS PP 


temp (*C) — 








One end of copper rod of uniform cross-section and of length 1.5 meters is in contact with melting ice 
and the other end with boiling water. At what point along its length should a temperature of 200°C be 
maintained, so that in steady state, the mass ofice melting is equal to that of steam produced in the same 
interval of time? Assume that the whole system is insulated from the surroundings. 


Two solids spheres are heated to the same temperature and allowed to cool under identical 
conditions. Compare: (i) initial rates of fall of temperature, and (ii) initial rates of loss of heat. 
Assume that all the surfaces have the same emissivity and ratios of their radii of, specific heats and 
densities are respectively 1 : а, 1: D, 1 : y. 


A vessel containing 100 gm water at 0°C is suspended in the middle of a room. In 15 minutes the 
temperature ofthe water rises by 2°C. When an equal amount of ice is placed in the vessel, it melts in 
10 hours. Calculate the specific heat of fusion of ice. 


The maximum in the energy distribution spectrum ofthe sun is at 4753 À and its temperature is 6050K. 
What will be the temperature of the star whose energy distribution shows a maximum at 9506 A. 


————— ——————————————————— 
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EXERCISE -II 


A copper calorimeter of mass 100 gm contains 200 gm of a mixture of ice and water. Steam at 
100°C under normal pressure is passed into the calorimeter and the temperature of the mixture is 
allowed to rise to 50°C. If the mass of the calorimeter and its contents is now 330 gm, what was 
the ratio of ice and water in the beginning? Neglect heat losses. 
Given : Specific heat capacity of copper = 0.42 x 10? J kg "K", 

Specific heat capacity of water = 4.2 x 10? J kg 'K"!, 

Specific heat of fusion of ice = 3.36 x 10° J kg" 

Latent heat of condensation of steam = 22.5 x 10° Jkg? 


А n isosceles tring bb is form ed w ith a rod of length / and coefficient of linear expansion ct, for the 
base and two thin rods each of length /, and coefficient of linear expansion a, for the two pieces, 
ifthe distance between the apex and the midpoint ofthe base remain unchanged as the temperatures 

2% 


1 
varied show that "à = 4 
2 \ а, 


А solid substance of mass 10 gm at – 10°C was heated to – 2°C (still іп the solid state). The heat 
required was 64 calories. Another 880 calories was required to raise the temperature of the substance 
(now in the liquid state) to 1°C, while 900 calories was required to raise the temperature from 
-29С to 3°C. Calculate the specific heat capacities of the substances in the solid and liquid state in 
calories per kilogram per kelvin. Show that the latent heat of fusion L is related to the melting 
point temperature + by L = 85400 + 2001. 


A steel drill making 180 rpm is used to drill a hole in a block of steel. The mass of the steel block 
and the drill is 180 gm. If the entire mechanical work is used up in producing heat and the rate of 
raise in temperature of the block and the drill is 0.5 °C/s. Find 

the rate of working of the drill in watts, and 

the torque required to drive the drill. 

Specific heat of steel = 0.1 and J = 4.2 J/cal. Use: P =t © 


A brass rod of mass m = 4.25 kg and a cross sectional area 5 cm? increases its length by 0.3 mm upor. 
heating from 0°C. What amount of heat is spent for heating the rod? The coefficient of linear expansic 1 
for brass is 2х10-5/К, its specific heat is 0.39 kJ/kg.K and the density of brass is 8.5 х 10? kg/m?. 


А submarine made of steel weighing 10° g has to take 10? g of water in order to submerge when 
the temperature of the sea is 10°C. How much less water it will have to take in when the sea is at 
15°C? (Coefficient of cubic expansion of sea water = 2 x 10~4/°C, coefficient of linear expansion 
of steel = 1.2 x 10-5/9С) 


A flow calorimeter is used to measure the specific heat of a liquid. Heat is added at a known rate 
to a stream of the liquid as it passes through the calorimeter at a known rate. Then a measurement 
of the resulting temperature difference between the inflow and the outflow points of the liquid 
stream enables us to compute the specific heat of the liquid. A liquid of density 0.2 g/cm’ flows 
through a calorimeter at the rate of 10 cm/s. Heat is added by means of a 250-W electric heating 
coil, and a temperature difference of 25°C is established in steady-state conditions between the 
inflow and the outflow points. Find the specific heat of the liquid. 
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Toluene liquid of volume 300 cm? at 0°C is contained in a beaker ап another quantity of toluene of 
volume 110 cm? at 100°C is in another beaker. (The combined volume is 410 cm?). Determine the 
total volume of the mixture of the toluene liquids when they are mixed together. Given the coefficient 
of volume expansion y = 0.001/C and all forms of heat losses can be ignored. Also find the final 
temperature of the mixture. 


Ice at -20°C is filled upto height В = 10 cm ina uniform cylindrical vessel. Water at temperature Ө°С is 
filled in another identical vessel upto the same height h= 10 cm. Now, water from second vessel is 
poured into first vessel and it is found that level of upper surface falls through 
Ah= 0. 5 cm when thermal equilibrium is reached. Neglecting thermal capacity of vessels, change 
in density of water due to change in temperature and loss of heat due to radiation, calculate initial 
temperature Ө of water. 


Given, Density of water, p, = 1 gm cm? 
Density of ice, р. = 0.9 gm/cm? 
Specific heat of water, s, = 1 cal/gm °C 
Specific heat of ice, 5, = 0.5 cal/gm°C 


Specific latent heat ofice, L = 80 cal/gm 


A composite body consists of two rectangular plates of the same dimensions but different thermal 
conductivities K, and K,. This body is used to transfer heat between two objects maintained at 
different temperatures. The composite body can be placed such that flow of heat takes place either 
parallel to the interface or perpendicular to it. Calculate the effective thermal conductivities K апі 


K , of the composite body for the parallel and perpendicular orientations. Which orientation will 
have more thermal conductivity? 


Two identical thermally insulated vessels, each containing n mole of an ideal monatomic gas, are 
interconnected by a rod of length / and cross-sectional area A. Material of the rod has thermal 
conductivity K and its lateral surface is thermally insulated. If, at initial moment (t = 0), temperature 
of gas in two vessels is T, and T, (<T,), neglecting thermal capacity of the rod, calculate difference 
between temperature of gas in two vessels as a function of time. 


A highly conducting solid cylinder of radius a and length / is surrounded by a co-axial layer of a 
material having thermal conductivity K and negligible heat capacity. Temperature of surrounding 
space (out side the layer) is T,, which is higher than temperature of the cylinder. If heat capacity 
per unit volume of cylinder material is s and outer radius of the layer is b, calculate time required 
to increase temperature of the cylinder from T, to T,. Assume end faces to be thermally insulated. 


A vertical brick duct(tube) is filled with cast iron. The lower end of the duct is maintained at a 
temperature T, which is greater than the melting point Т. of cast iron and the upper end at a temperature 
T, whichis less than the temperature ofthe melting point of cast iron. It is given that the conductivity of 
liquid cast ironis equal to k times the conductivity of solid cast iron. Determine the fraction of the duct 
filled with molten metal. 


Water is filled in a non-conducting cylindrical vessel of uniform cross-sectional area. Height of 
water column is һ and temperature is ОС. Ifthe vessel is exposed to an atmosphere having constant 
temperature of — 8°C (< 0°С) at t = 0, calculate total height h of the column at time t. Assume thermal 
conductivity ofice to be equal to K Density of water is р, and that ofice is p.. Latent heat of fusion ofice 
is L. 


| Bansal Classes Calorimetry & Heat Transfer ІН 


Q.15 


(a) 
(b) 


Q.16 


Q.17 


Q.18 


Q.19 


(a) 
(b) 


Q.20 


Q.21 


A lagged stick of cross section area 1 cm? and length 1 m is initially at a temperature of 0°C. It is then 
kept between 2 reservoirs of tempeature 100°C and 0°C. Specific heat capacity is 10 J/kg°C and linear 
mass density is 2 kg/m. Find 


100*C —_ —4 orc 
x 


temperature gradient along the rod in steady state. 
total heat absorbed by the rod to reach steady state. 


A cylindrical block of length 0.4 m an area of cross-section 0.04m? is placed coaxially on a thin 
metal disc of mass 0.4 kg and of the same cross-section. The upper face of the cylinder is maintained 
at a constant temperature of 400K and the initial temperature of the disc is 300K. If the thermal 
conductivity of the material of the cylinder is 10 watt/m-K and the specific heat of the material of 
the disc in 600 J/kg-K, how long will it take for the temperature of the disc to increase to 350K? 
Assume, for purposes of calculation, the thermal conductivity of the disc to be very high and the 
system to be thermally insulated except for the upper face of the cylinder. 


A copper calorimeter of negligible thermal capacity is filled with a liquid. The mass of the liquid equals 
250 gm. A heating element of negligible thermal capacity is immersed in the liquid. It is found that the 
temperature of the calorimeter and its contents rises from 25°C to 30°C іп 5 minutes when a cu rent of 
20.5 ampere is passed through it at potential difference of 5 volts. The liquid is thrown off and the heater is 
again switched on. It is now found that the temperature of the calorimeter alone is constantly maintained at 
32°C when the current through the heater is 7A at the potential difference 6 volts. Calculate the specific heat 
capacity of the liquid. The temperature of the surroundings is 25°C. 


A solid copper sphere cools at the rate of 2.8°C per minute, when its temperature is 127°C. Find the 
rate at which another solid copper sphere of twice the radius lose its temperature at 327°C, ifin both the 
cases, the room temperature is maintained at 27°C. 


A calorimeter contains 100 cm? of a liquid of density 0.88 g/cm? in which are immersed a 
thermometer and a small heating coil. The effective water equivalent of calorimeter, thermometer 
and heater may be taken to be 13 gm. Current of 2 A is passed through the coil. The potential 
difference across the coil is 6.3 V and the ultimate steady state temperature is 55°C. The current is 
increased so that the temperature rises slightly above 55°C, and then it is switched ой The 
calorimeter and the content are found to cool at the rate of 3.6°C/min. 

Find the specific heat of the liquid. 

The room temperature during the experiment was 10°C. If the room temperature rises to 26°C, 
find the current required to keep the liquid at 55°C. You may assume that Newton's law is obeyed 
and the resistance of the heater remains constant. 


End A of a rod AB of length L = 0.5 m and of uniform cross-sectional area is maintained at some 
constant temperature. The heat conductivity of the rod is К = 17 J/s-rn?K. The other end B of this 
rod is radiating energy into vacuum and the wavelength with maximum energy density emitted 
from this end is A, = 75000 A. If the emissivity of the end В is е = 1, determine the temperature of 
the end A. Assuming that except the ends, the rod is thermally insulated. 


A wire of length 1.0 m and radius 10? m is carrying a heavy current and is assumed to radiate as 
a blackbody. At equilibrium temperature of wire is 900 K while that of the surroundings is 300 K. 
The resistivity of the material of the wire at 300 К is л? x 10% Q-m and its temperature coefficient 
of resistance is 7.8 x 10? /°С. Find the current in the wire. [с = 5.68 x 10% w/m?K*]. 
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The temperature distribution of solar radiation is more or less same as that of a black body whose 
maximum emission corresponds to the wavelength 0.483 um. Find the rate of change of mass due 
to radiation. [Radius of Sun = 7.0 x 10° m] 


A black plane surface at a constant high temperature T,, is parallel to another black plane surface 
at constant lower temperature T,. Between the plates is vacuum. In order to reduce the heat flow due to 
radiation, a heat shield consisting oftwo thin black plates, thermally isolated from each other, it placed 
between the warm and the cold surfaces and parallel to these. After some time stationary conditions are 
obtained. By what factor т is the stationary heat flow reduced due to the presence of the heat shield? 
Neglect end effects due to the finite size ofthe surfaces. 


The shell of a space station is a blackened sphere in which a temperature T — 500K is maintained 
due to operation of appliances of the station. Find the temperature of the shell if the station is 
enveloped by a thin spherical black screen of nearly the same radius as the radius of the shell. 


Blackened 
sphere ТЖ 
“2% e envelop 





А liquid takes 5 minutes to cool from 80°C to 50°C. How much time will it take to cool from 60°C to 
30°C ? The temperature of surrounding is 20°C. Use exact method. 


Find the temperature of equilibrium of a perfectly black disc exposed normally to the Sun's ray on 
the surface of Earth. Imagine that it has a nonconducting backing so that it can radiate only to 
hemisphere of space. Assume temperature of surface of Sun = 6200 К, radius of sun = 6.9 x 108 т, 
distance between the Sun and the Earth = 1.5 x 10!! m, Stefan's constant = 5.7 x 10-8 W/m?.K*. 
What will be the temperature if both sides of the disc are radiate? 
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EXERCISE — Ш 


The temperature of 100 gm of water is to be raised from 24°C to 90°C by adding steam to it. 
Calculate the mass of the steam required for this purpose. [JEE '96] 


Two metal cubes A & B of same size are arranged as shown in figure. 
The extreme ends of the combination are maintained at the indicated 
temperatures. The arrangement is thermally insulated. The coefficients 
of thermal conductivity of A & В are 300 W/m°C and 200 W/m° С 
respectively. After steady state is reached the temperature T of the 
interface will be i ПЕЕ 96] 





A double pane window used for insulating a room thermally from outside consists of two glass 
sheets each of area 1 m? and thickness 0.01 m separated by a 0.05m thick stagnant air space. In the 
steady state, the room glass interface and the glass outdoor interface are at constant temperatures 
of 27°C and 0°C respectively. Calculate the rate of heat flow through the window pane. Also find 
the temperatures of other interfaces. Given thermal conductivities of glass and air as 0.8 and 
0.08 W mK” respectively. [JEE’97] 


The apparatus shown in the figure consists of four glass columns 
connected by horizontal sections. The height of two central 
columns B & C are 49 cm each. The two outer columns A & D 
are open to the atmosphere. A & C are maintained at a 
temperature of 95°C while the columns B & D are maintained at 
5°C. The height of the liquid in A & D measured from the base 
line are 52.8 cm & 51 cm respectively. Determine the coefficient 
of thermal expansion of the liquid. [JEE '97] 





A spherical black body with a radius of 12 cm radiates 450 W power at 500 K . If the radius were 
halved and the temperature doubled, the power radiated in watt would be : 
(A) 225 (B) 450 . .. (C) 900 (D) 1800 


Earth receives 1400 W/m? of solar power . If all the solar energy falling on a lens of area 0.2 m? is 
focussed on to a block of ice of mass 280 grams, the time taken to melt the ice will be , 
minutes. (Latent heat of fusion of ice = 3.3 х 10° J/kg) | [JEE '97] 


A solid body X of heat capacity C is kept in an atmosphere whose temperature is T, = 300K. At 
time t = 0, the temperature of X is T, = 400K. It cools according to Newton’s law of cooling. At 
time t, its temperature is found to be 350K. At this time t,, the body X is connected to a larger body 
У at atmospheric temperature T,, through a conducting rod of length L, cross-sectional area A 
and thermal conductivity K. The heat capacity of Y is so large that any variation in its temperature 
may be neglected. The cross-sectional area A of the connecting rod is small compared to the 
surface area of X. Find the temperature of X at time t = 3t,. [JEE’ 98] 


A black body is at a temperature of 2880 K. The energy of radiation emitted by this object with wavelength 
between 499 nm and 500 nm is U,, between 999 nm and 1000 nm is U, and between 1499 nm and 
1500 nm is U,. The Wien constant b = 2.88 x 10°nm K. Then [JEE 98] 

(A) U, =0 (В) О, =0 (C) U * U, (D) U, » U, 
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A bimetallic strip is formed out of two identical strips one of copper and the other of brass. The coefficient 
of linear expansion of the two metals are о) and о. On heating, the temperature of the strip goes up by 
AT and the strip bends to form an arc of radius of curvature В. Then В is : 

(A) proportional at AT (B) inversely proportional to AT [JEE" 99] 
(C) proportional їо |a, — o. | (D) inversely proportional to |a, — о, | 

A block of ice at — 10°C is slowly heated and converted to steam at 100°C. Which of the following 
curves represents the phenomenon qualitatively? [JEE (Scr) 2000] 


"Temperature 





Temperature 
9 
Temperature 


Temperature 


(A) (© 


Heat supplied 


Heat supplied Heat supplied Heat supplied 


The plots of intensity versus wavelength for three black bodies at 
temperature Т. , T, and T, respectively are as shown. Then 





temperatures are such that ПЕЕ (Scr) 2000] 
(A)T > T,» T, (В)Т,>Т,>Т, 
(С) Т,>Т,>Т, (O T. » T,» T, 


Three rods made of the same material and having the same cross-section 
have been joined as shown in the figure. Each rod is of the same length. The 


left and right ends are kept at 0°C and 90°C respectively. The temperature 90°С 
of the junction of the three rods will be [JEE(Scr)2001] sm di 
(A) 45°C (B) 60°C (C) 30°C (D) 20°C *s9aec 


An ideal black body at room temperature is thrown into a furnace. It is observed that 

(A) initially it is the darkest body and at later times the brightest. 

(B) it the darkest body at all times 

(C) it cannot be distinguished at all times. 

(D) initially it is the darkest body and at later times it cannot be distinguished. [JEE(Scr)2002] 


An ice cube of mass 0.1 kg at 0°C is placed in an isolated container which is at 227°C. The specific 
heat S of the container varies with temperature T according the empirical relations = A + BT, 
where A= 100 cal/kg-K and B =2 x 10? cal/kg-K?. If the final temperature of the container is 27°C, 
determine the mass of the container. (Latent heat of fusion for water = 8 x 10* cal/kg. Specific heat of 
water = 10° cal/kg-K) [JEE' 2001] 


Two rods one of aluminium of length /, having coefficient of linear expansion о, and other steel of 
length /, having coefficient of linear expansion о, are joined end to end. The expansion in both the 











l 
rods is same on variation of temperature. Then the value of ЖУЛ is [JEE' (Scr) 2003] 
Qa, е a, + 0.; f th 
A B ; С D)N thes 
Ogee (der Ore (D) None of these 
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2 kgice at — 20°C is mixed with 5 kg water at 20°C. Then final amount of water in the mixture would be; 
Given specific heat of ice = 0.5cal/g?C, specific heat of water = 1 cal/g?C, 


Latent heat of fusion of ice = 80 cal/g. [JEE' (Scr) 2003] 
(A) 6 kg (B) 5 kg (C) 4 kg (D) 2 kg 

If emissivity of bodies X and Y are e, and e, and absorptive power 

are A, and A, then [JEE' (Scr) 2003] 

(A) e? e АА, (B) e, <e, ; A, <A, 

(C) ey? e; A, <А, (D e, ^e: А-А, 

Hot oil is circulated through an insulated container with a wooden lid at 


the top whose conductivity К = 0.149 J/(m-?C-sec), thickness t = 5 mm, 
emissivity = 0.6. Temperature of the top of the lid in steady state is at 
T, = 127°. If the ambient temperature T, = 27°C. Calculate 

rate of heat loss per unit area due to radiation from the lid. 





temperature ofthe ой. (Givenco = — 7 107 ) [JEE' 2003] 


Three discs A, B, and C having radii 2 m, 4 m and 6 m respectively are coated with carbon black 
on their outer surfaces. The wavelengths corresponding to maximum intensity are 300 nm, 400 nm 
and 500 nm respectively. The power radiated by them are Q,, Ор and Ос respectively. 

(a) Q, is maximum (B) Ор is maximum [JEE' 2004 (Scr.)] 
(С) Qc is maximum (D) Q, = 0 = Qc 

Two identical conducting rods are first connected independently to two vessels, one containing 
water at 100°C and the other containing ice at 0? C. In the second case, the rods are joined end to 
end and connected to the same vessels. Let q, and q, g/s be the rate of melting of ice in the two 
cases respectively. The ratio q,/q, is 

(A) 1/2 (B) 2/1 (C) 4/1 (б) 1/4 [ЕЕ 2004 (Scr.)] 


Liquid oxygen at 50 K is heated to 300 K at constant pressure of 1 atm. The rate of heating is 
constant. Which of the following graphs represents the variation of temperature with time? 
Time 


Temp! , Temp. 4 Temp. 
A) (B) > (C) 
Time Time 
[JEE' 2004 (Scr.)] 


А cube of coefficient of linear expansion о, is floating in a bath containing a liquid of coefficient of 
volume expansion ү. When the temperature is raised by AT, the depth upto which the cube is 
submerged in the liquid remains the same. Find the relation between a, and ү, showing all the 
steps. [JEE 2004] 


Temp. 


(D) 





Time 


One end of a rod of length L and cross-sectional area A is kept in a 
furnace of temperature T,. The other end of the rod is kept at a 
temperature T,. The thermal conductivity ofthe material ofthe rod is K 
and emissivity ofthe rod is e. It is given that T; = T; + AT where AT Ts 
<< T, T, being the temperature of the surroundings. If AT oc (T, — T,), j 

find the proportionality constant. Consider that heat is lost only by radiation 
at the end where the temperature of the rod is T,. [JEE 2004] атта 


Furance = 
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Three graphs marked аз 1, 2, 3 representing the variation of maximum emissive 
power and wavelength of radiation of the sun, a welding arc and a tungsten 
filament. Which of the following combination is correct 

(A) 1-bulb, 2 — welding arc, 3 — sun 

(В) 2-bulb, 3 —> welding arc, 1 > sun 

(C) 3-bulb, 1 — welding arc, 2 — sun 

(D) 2-bulb, 1 — welding arc, 3 — sun [JEE' 2005 (Scr)] 





In which of the following phenomenon heat convection does not take place 

(A) land and sea breeze 

(B) boiling of water 

(C) heating of glass surface due to filament of the bulb 

(D) air around the furance [JEE' 2005 (Scr)] 


2 litre water at 27°C is heated by a 1 kW heater in an open container. On an average heat is lost to 
surroundings at the rate 160 J/s. The time required for the temperature to reach 77°C is 
(A) 8 min 20 sec (B) 10 min (C) 7 min (D) 14 min 

[JEE' 2005 (Scr)] 


A spherical body of area A, and emissivity е = 0.6 is kept inside a black body. What is the rate at which 
energy is radiated per second at temperature T 


(A) 0.6 c АТ“ (B) 0.4 c АТ” (C) 0.8 c АТ“ (D) 1.06 АТ” 
ГЕЕ 2005 (Scr)] 
1 calorie is the heat required to increased the temperature of 1 gm of water by 1°C from 
(A) 13.5?C to 14.5?C at 76 mm of Hg (B) 14.5°C to 15.5°C at 760 mm of Hg 
(C) 0°C to 1?C at 760 mm of Hg (D) 3°C to 4°C to 760 mm of Hg 


[ЈЕЕ' 2005 (Scr)] 
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ANSWER KEY 








EXERCISE -1 
25.5°С Q2 01ст 0.3 65°C 04 2000 cm? 
5 sec slow 0.6 10sec 07 15K/16 08 10,000N 
6\3 
G Q.10 0.2 0.11 4х 10%m/°C 
7/2 0.13 50/3 014 4°C 0.15 10001(С2)! 
5°C 0.17 27/85 0.18 2:1 0.19 (4/3) 
1/90 0.21 WSR 0.22 3У/20 0.23 0°C 
104.2 0.25 10cm,40cm 0.26 (i)0.02kg (ii) 40,000calkg".(iii)750calkg К"! 
10.34 cm 0.28 ay:1;1:o 0.29 80k cal/kg Q.30 3025K 
EXERCISE — II 
1:1.26 Q3  800calkg!K!,1000 cal kg! К" 
(a) 37.8 J/s (Watts), (b) 2.005 N-m Q5 250 Q6 9.02 x 105 gm 
5000 J/°C kg Q.8 decrease by 0.75 ст?, 25°C 09 45°C 
24 Кл +Кв К == 2КАКв ( 4KAt 
Kr Ripe e К, +Кь © Ж EMCJ 
25 og (5 ов шы: h. К-Т) 
K аја UT SD, 913 T X(m-T,)«(T, - T) 
hc! а ak 5 /m, (b) 1000 
+ ----|1---- о 
; стем 0.15 (а) 100 °С/т, (b) 10007 016 1663 sec 
21000 Jkg" K^ 0.18 9.729С/тіп 0.19 (а)0.42 cal/gm*C, (b) 1.6А 
dm 
T,=423 К 0.21 36A 0.22 ~y = 5.06 х 10° kg/s 
n=3 0.24 Т" = 49 х 500=600K 
10 minutes 0.26 T,=420K, T, =353.6K 
EXERCISE — Ш. 
12 gm 0.2 60°C 0.3 41.53 Watt; 26.48 °С; 0.55°C 
2x]0^C Q5-- D Q.6 5.5 min 
log, 2 [КА 108.2] 
= T = ———— —— »2t 
k toc T = 300 + 50 exp. | [LC t | 1 


р 09 B,D 010 A о B 0.12 В 0.13 D 0.14 0.5 kg 
А 0.16 А 0.17 А 0.18 (а) 595 watt/m’, (D) Т, =420К 0.19 B 
K 


р Q2 C 022 ¥=2a, 9.23 Zol +K 


Q.24 A 
C 026 А 027 А 028 B 


€ Bansal Classes Calorimetry & Heat Transfer [16] 


BANSALCLASSES 


TARGET IIT JEE 2007 








CONTENTS 





KEY CONCEPTS. 
EXERCISE - 
EXERCISE -TI 
EXERCISE-III 
ANSWER KEY 


KEY CONCEPTS 


1. CAPACITANCE OF AN ISOLATED SPHERICAL CONDUCTOR : 
C=4nre,e.R in a medium С =4пе, В in air 


This sphere is at infinite distance from all the conductors . 
X The capacitance C = 4л e, В exists between the surface of the sphere & earth . 


2. SPHERICAL CAPACITOR : 
It consists oftwo concentric spherical shells as shown in figure. Here capacitance ofregion 
between the two shells is C, and that outside the shell is С,. We have 


_ 4 є, ab 
L b-a 
Depending on connection, it may have different combinations of C, and.C,.. 


and C, - 4n e, b 





3. PARALLEL PLATE CAPACITOR : 
(i) UNIFORM DI-ELECTRIC MEDIUM : 
If two parallel plates each of area A & separated by a distance d are charged with 
equal & opposite charge Q, then the system is called a parallel plate capacitor & its capacitance is 





given by, 
AF: ; Е чып, № s 
C= = 3 in a medium t = = with air as medium 
а 
This result is only valid when the electric field between plates of capacitor is constant. 
T E Є,А 

(ii) ^ MEDIUM PARTLY AIR : E 

d-|t-4 

\ 


r 






When a di-electric slab of thickness t & relative permittivity є, is 
introduced between the plates of an air capacitor, then the distance between 


the plates is effectively reduced by ( 4| irrespective ofthe position of 
Е, 


the di-electric slab . 


(iii) COMPOSITE MEDIUM : SS 


4. CYLINDRICAL CAPACITOR : 
It consist of two co-axial cylinders of radii a & b, the outer conductor is earthed . 
The di-electric constant of the medium filled in the space between the cylinder is 


2nese, Farad 


(a) m 





е,. The capacitance per unit lengthis C= 
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5; CONCEPT OF VARIATION OF PARAMETERS: 


€ 





As capacitance ofa parallel plate capacitorisC — , ifeither ofk, A or d varies in the region between 


the plates, we choose a small dc in between the plates and for total capacitance of system. 


IÉalldC sare in series шың с в ‚ Ifall dC'sarein parallel C, = | dC 
Ст в k(x) A(x) 
6. COMBINATION OF CAPACITORS : 
(i) Capacitors IN SERIES : 
In this arrangement all the capacitors when uncharged get the same charge 
Q but the potential difference across each will differ (ifthe capacitance are 
unequal). 





а С, 

(ii) CAPACITORS IN PARALLEL : 

When one plate of each capacitor is connected to the positive 

terminal of the battery & the other plate of each capacitor is 

connected to the negative terminals of the battery, then the 

capacitors are said to be in parallel connection. 

The capacitors have the same potential difference, V but the 

charge on each one is different (if the capacitors are unequal), 
C, = СНС, С, ...... С. 


е 





7. ENERGY STORED IN А CHARGED CAPACITOR : 

Capacitance C, charge Q & potential difference V; then energy stored is 
10: 
Eus 
medium between the conducting plates ofthe capacitor . 


1 1 ; 
Ша еа 5 ONG This energy is stored in the electrostatic field set up in the di-electric 


8. HEAT PRODUCED IN SWITCHING IN CAPACITIVE CIRCUIT 
Due to charge flow always some amount of heat is produced when a switch is closed in a circuit which 
can be obtained by energy conservation as — 
Heat = Work done by battery — Energy absorbed by capacitor. 


9. SHARING OF CHARGES : 
When two charged conductors of capacitance C, & C, at potential V, & V, respectively are 
connected by a conducting wire, the charge flows from higher potential conductor to lower potential 
conductor, until the potential ofthe two condensers becomes equal. The common potential (V) 


after sharing of charges; 
net charge 4+9 | CM CV, 
net capacitance C +C, C,+C, 
charges after sharing q, = C,V & 4,=С.У. In this process energy is lost in the connecting wire 
as heat . This loss of energy is Uira - Usa” S CP] (У, - Vy. 


10. REMEMBER: 
(i) The energy ofa charged conductor resides outside the conductor in its EF, where as in a condenser 
itis stored within the condenser in its EF. 
(ii) The energy of an uncharged condenser = 0. 
(iii) The capacitance of a capacitor depends only on its size & geometry & the di-electric between the 
conducting surface . (i.e. independent ofthe conductor, like, whether it is copper, silver, gold etc) 


EE —m PERRA COP t c M HE 
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EXERCISE # I 


0.1  Asolid conducting sphere of radius 10 cm is enclosed by a thin metallic shell of radius 20 cm. A charge 
q = 20uC is given to the inner sphere. Find the heat generated in the process, the inner sphere is 
connected to the shell by a conducting wire 


0.2 The capacitor each having capacitance С = 2uF are connected with a > 
battery of emf 30 V as shown in figure. When the switch S is closed. Find m 
(a) the amount of charge flown through the battery С С 
(b) the heat generated in the circuit 
(c) the energy supplied by the battery as 


(d) the amount of charge flown through the switch S 


0.3  Theplates ofa parallel plate capacitor are given charges +40 and —2Q. The capacitor is then connected 
across anuncharged capacitor of same capacitance as first one (= C). Find the final potential difference 


between the plates ofthe first capacitor. SES 
Q.4  Inthegiven network if potential difference between p and qis 2V and | 
C, =3C,. Then find the potential difference between a & b. H ЕЕ | 
с; 
ІҢ 
с, ә 





2С 
Q.5  Findthe equivalent capacitance of the circuit Е 
between point A and В. | k. [Se / 7 
ae 
2с 4С 


+3q +9 
Q.6 The two identical parallel plates are given charges as shown in figure. If the 


plate area of either face of each plate is A and separation between plates is 
d, then find the amount of heat liberate after closing the switch. 





0.7 Find heat produced in the circuit shown in figure on closing the switch S. 


8, 3p 
` -50иС 





SuF 
C ІШЕ 
e— —] Sie | 
Q.8 Inthe following circuit, the resultant capacitance between А апа 8uF—-  бЕ 4 ben ^. 


Bis 1 uF. Find the value of C. Же | | E 
H ml T 2HF 12uF 


Q.9 Three capacitors of 2uF, ЗИҒ and 5ИЕ are independently charged 
with batteries of emf’s 5V, 20V and 10V respectively. After 
disconnecting from the voltage sources. These capacitors are connected 


as shown in figure with their positive polarity plates are connected to ree 

A and negative polarity is earthed. Now a battery of 20V and an 2uF к s 
uncharged capacitor of 4uF capacitance are connected to the junction "Rr uc die 
Aas shown with a switch S. When switch is closed, find : 5uF w^ B 


(а) thepotential of the junction A. - 
(b final charges опа four capacitors. 
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1рЕ Гре 


Find the charge on the capacitor С = 1 uF in the circuit shown in the figure. 


Find the capacitance of the system shown in figure. 


The figure shows a circuit consisting of four capacitors. Find 
the effective capacitance between X and У. 


Five identical capacitor plates, each of area A, are arranged such that 
adjacent plates are at a distance 'd' apart, the plates are connected to а 
source of emf V as shown in figure. The charge on plate 1 





15 and that on plate 4 is 
In the circuit shown in the figure, intially SW is open. онези Somat | 
When the switch is closed, the charge passing through ar АЛЫР аі) 


the switch in the direction бу SW — 3yF 
to | rei dla 


In the circuit shown in figure, find the amount of heat d МН «i 
generated when switch s is closed. | 


Two parallel plate capacitors of capacitance C and 2C are connected in parallel then following steps are performed. 
(1) A battery of voltage V is connected across points A and B. 

(ii) A dielectric slab of relative permittivity К is slowly inserted in capacitor C. 

(iii) Battery is disconnected. 

(iv) Dielectric slab is slowly removed from capacitor. 

Find the heat produced in (1) and work done by external agent in step (ii) & (iv). 


The plates ofa parallel plate capacitor are separated by a distance d = 1 cm. Two parallel sided dielectric 
slabs of thickness 0.7 cm and 0.3 cm fill the space between the plates. If the dielectric constants of the two 
slabs are 3 and 5 respectively and a potential difference of 440V is applied across the plates. Find : 

the electric field intensities in each ofthe slabs. 

the ratio of electric energies stored in the first to that in the second dielectric slab. 


А 10 НЕ and 20 uF capacitor are connected to a 10 V cell in parallel for some time after which the 
capacitors are disconnected from the cell and reconnected at t = 0 with each other , in series, through 
wires of finite resistance. The “хе plate of the first capacitor is connected to the -ve plate ofthe second 
capacitor. Draw the graph which best describes the charge on the “уе plate of the 20 uF capacitor with 
increasing time. 

List of recommended questions from Т.Е. Irodov. 


3.101, 3.102, 3.103, 3.113, 3.117, 3.121, 3.122, 3.123, 3.124, 3.132, 3.133, 3.141, 3.142, 3.177, 3.184, 


3.188. 3.199. 3.200. 3.201. 3.203. 3.204. 3.205 
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EXERCISE # II 


(a) For the given circuit. Find the potential difference across all the capacitors. 
(b) How should 5 capacitors, each of capacities, 1 uF be connected so 
as to produce a total capacitance of 3/7 uF. 





The gap between the plates ofa plane capacitor is filled with an isotropic insulator whose di-electric 


constant varies in the direction perpendicular to the plates according to the law K — К, 1+ sin d x ; 


where d isthe separation, between the plates & K, is a constant. The area ofthe plates is S. Determine 
the capacitance ofthe capacitor. 


Five identical conducting plates 1, 2, 3, 4 & 5 are fixed parallel 


to and equdistant from each other (see figure). Plates 2 & 5 are ; » 
connected by a conductor while 1 & 3 arejoined by another < — 3 
conductor . The junction of 1 & 3 and the plate 4 are connected - is “. 
to a source of constant e.m.f. Vo. Find ; І ч 
the effective capacity of the system between the terminals of the source. 


the charges on plates 3 & 5. 
Given d = distance between any 2 successive plates & А = area of either face of each plate . 


A potential difference of 300 V is applied between the plates of'a plane capacitor spaced 1 cm apart. A 
plane parallel glass plate with a thickness of 0.5 cm and a plane parallel paraffin plate with a thickness of 
0.5 cmare placed in the space between the capacitor plates find : 

Intensity of electric field in each layer. 

The drop of potential in each layer. 

The surface charge density ofthe charge on capacitor the plates. Given that : k 


=6,k 2 


glass , paraffin 


A charge 200uC is imparted to each ofthe two identical parallel plate capacitors connected in parallel. 
At t =0, the plates of both the capacitors аге 0.1m apart. The plates of first capacitor move towards 
each other with relative velocity 0.001m/s and plates of second capacitor move apart with the same 
velocity. Find the current in the circuit at the moment. 


A parallel plate capacitor has plates with area А & separation d . A battery charges the plates to a 
potential difference of V}. The battery is then disconnected & a di-electric slab of constant К & thickness 
d is introduced. Calculate the positive work done by the system (capacitor + slab) on the man who 
introduces the slab. 


A capacitor of capacitance С, is charged to a potential V, and then isolated. A small capacitor C is then 
charged from Cp, discharged & charged again, the process being repeated n times. The potential ofthe 
large capacitor has now fallen to V. Find the capacitance of the small capacitor. If V, = 100 volt, 
V=35volt, find the value ofn for C, = 0.2 uF & C =0.01075 uF . Is it possible to remove charge on 
C, this way? 


When the switch S in the figure is thrown to the left, the plates of capacitors —À , 
C, acquire a potential difference V. Initially the capacitors С.С; are и т. 
uncharged. Thw switch is now thrown to the right. What are the final charges s с; 
41,4, % q, on the corresponding capacitors. zn 
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Aparallel plate capacitor with air as a dielectric is arranged horizontally. The lower plate 

is fixed and the other connected with a vertical spring. The area of each plate is A. In the г 
steady position, the distance between the plates is dj. When the capacitor is connected 

with an electric source with the voltage V, a new equilibrium appears, with the distance Е 
between the plates as d,. Mass of the upper plates is m. Д5. 
Find the spring constant К. 

What is the maximum voltage for a given K in which an equilibrium is possible ? 

What is the angular frequency of the oscillating system around the equilibrium value d}. 

(take amplitude of oscillation << dj) 


An insolated conductor initially free from charge is charged by repeated contacts with a plate which after 
each contact has a charge Q due to some mechanism . If q is the charge on the conductor after the first 


operation, prove that the maximum charge which can be given to the conductor in this way is 9-4 


A parallel plate capacitor is filled by а di-electric whose relative permittivity varies with the applied 
voltage according to the law = aV, where o = 1 per volt. The same (but containing no di-electric) 
capacitor charged to a voltage V = 156 volt is connected in parallel to the first "non-linear" uncharged 
capacitor. Determine the final voltage V; across the capacitors. 


А capacitor consists of two air spaced concentric cylinders. The outer of radius b is fixed, and the inner is of 
radius a. If breakdown of air occurs at field strengths greater than E, , show that the inner cylinder should have 
radius а = b/e if the potential of the inner cylinder is to be maximum 


radius a= b/e ifthe energy per unit length of the system is to be maximum. 


zl 1 


10У биЕ 
uf 
Find the charge flown through the switch from A to B when it is closed. ám E А ^ | | al Eus 
| tov H 
СЕ "АБ... 
S. 


< 

Figure shows three concentric conducting spherical TM NN 

shells with inner and outer shells earthed and the middle (S.N Да ls: 

shell is given a charge q. Find the electrostatic energy | 1 "лел In ji- 

of the system stored in the region I and II. % ағы ы / i 
n 


The capacitors shown in figure has been charged to a potential difference 
of V volts, so that it carries a charge CV with both the switches S, and S, 

remaining open. Switch S, is closed at t=0. At t=R,C switch S, is кез. 
and S, is closed. Find the charge on the capacitor at t=2R,C + КС. 






In the figure shown initially switch is open for a long time. Now the 
switch is closed at t = 0. Find the charge on the rightmost capacitor as 
a function of time given that it was intially unchanged. 
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(ii) 


In the given circuit, the switch is closed in the position 1 att=Oandthenmoved ——. 
to 2 after 250 us. Derive an expression for current as a function of time for D 12 <: 5000 
t > 0. Also plot the variation of current with time. жыт ОУ. 3:05 uF 
Find the charge which flows from point Ato B, when г Б 
switch is closed. SuF 5иЕ SUF SU 5uF 

| 

оу 


EXERCISE # Ш 


Two parallel plate capacitors A & В have the same 
separation d —8.85 x 104 m between the plates. The 
plate areas of А & В are 0.04 m? & 0.02 m? | 

respectively. A slab of di-electric constant (relative P riis à с 
permittivity) K=9 has dimensions such thatit can exactly а: xe 

fill the space between the plates of capacitor B. 

the di-electric slab is placed inside А аз shown in the figure (i) Ais then charged to a potential difference 
of 110 volt. Calculate the capacitance of A and the energy stored in it. 

the battery is disconnected &'then the di-electric slab is removed from A. Find the work done by the 
external agency in removing the slab from А. 

the same di-electric slab is now placed inside B, filling it completely. The two capacitors А & В are then 
connected as shown in figure (и). Calculate the energy stored in the system. [JEE 93,71 






SSS 


к 


Two square metallic plates of 1 m side are kept 0.01 m apart, like a parallel plate capacitor, in airin such 
a way that one of their edges is perpendicular, to an oil surface in a tank filled with an insulating oil. The 
plates are connected to a battery of e.m.f. 500 volt . The plates are then lowered vertically into the oil at 
a speed of 0.001 m/s. Calculate the current drawn from the battery during the process. 

[di-electric constant of oil = 11, €} = 8.85 x 10-12 C?/N? m7] [JEE 94, 6] 


A parallel plate capacitor С is connected to a battery & is charged to a potential difference У Another 
capacitor of capacitance 2С is similarly charged to a potential difference 2V volt. The charging battery is 
now disconnected & the capacitors are connected in parallel to each other in such a way that the positive 
terminal of one is connected to the negative terminal of other. The final energy of the configuration is : 


(A) zero (в) 2 Су? (С) = су? (Ф) 2 СУ? [ЈЕЕ 95,1] 


The capacitance ofa parallel plate capacitor with plate area 'A' & separation d 
is C. The space between the plates is filled with two wedges of di-electric constant 
K, & K, respectively. Find the capacitance ofthe resulting capacitor. 

[JEE 96, 2] 





Two capacitors A and B with capacities 3 НЕ and 2 uF are charged to а 

potential difference of 100 V and 180 V respectively. The plates of the 

capacitors are connected as shown in figure with one wire from each CJ L2uF 

capacitor free. The upper plate ofa is positive and that of B is negative. an „| | E 

uncharged 2 uF capacitor C with lead wires falls on the free ends to complete АТ jo9y Б у 

the circuit. Calculate : Toshia | 

the final charges on the three capacitors 

The amount of electrostatic energy stored in the system before and after the completion of the circuit. 
[ JEE 97 (cancelled)] 
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0.6  Anelectron enters the region between the plates ofa parallel plate capacitor at a point equidistant from 
either plate. The capacitor plates аге 2 х 1072 m apart & 107! m long. A potential difference of 300 volt 
is kept across the plates. Assuming that the initial velocity of the electron is parallel to the capacitor 
plates, calculate the largest value of the velocity of the electron so that they do not fly out of the capacitor 


at the other end. [JEE 97, 5 | 
0.77  Forthecircuit shown, which of the following statements is true 7 V.=30V У; en V 

(A) with S, closed, V, = 15 V, V, -20 V 

(В) with S, closed, V, = V, 725 V i : АЕ = = P i 

(C) with S. & S, ised у = У, =0 1 

(D) with S, & 5, closed, V, = 30 V, У, =20V [JEE 99, 21 


Q.8 Calculate the capacitance ofa parallel plate condenser, with plate area A and distance between plates d, 
when filled with a medium whose permittivity varies as ; 


є (х) = €t Вх 0<х<9 
є (х)=є,+В (d-x) d <х<а. [ REE 2000, 6] 
0.9  Twoidentical capacitors, have the same capacitance C. One of them is charged to potential V, and the 


other to V,. Thenegative ends of the capacitors are connected together. When the positive ends are also 
connected, the decrease in energy of the combined system is [ ТЕЕ 2002 (Scr), 3] 


edvi-v) өу-с ау) (субе -vy Фо +] 


0.10 Inthe given circuit, the switch S is closed at timet = 0. The charge О on 
the capacitor at any instant t is given by Q (t) =Q, ( 1-e™). Find the 5 / 5 E 


value of Q, and o in terms of given parameters shownin the circuit. с 
[JEE 2005] У 


0.11 Given: К. - IO , В, 720, C, -2uF, C, = 4uF 
The time constants (in uS) for the circuits I, II, III are respectively 
C, С 





i 
| К gR; 
V Сы zC, 
УТ 
(1) | (Ш) 
(A) 18, 8/9, 4 (B) 18, 4, 8/9 
(C) 4, 8/9, 18 (D) 8/9, 18, 4 [ТЕЕ 2006] 


a 
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ANSWER KEY 





EXERCISE # I 
Q1 97 Q.2 (a)20 uC, (b) 0.3 mJ, (c) 0.6 mJ. (d) 60 uC 
1 аға 
Q3 30/2C Q4 30V Q5 C Q6 ед 
7 0 8 = Е 
0. 0. 53 " 


100 
0.9 (а) 77 volts; (b) 28.56 uC, 42.84 uC, 71.4 uC, 22.88 uC 0.10 10 uC 


256,A 8 A&V 2Ae,V 
. LM 42 -МЕ 43 --,--- f 
оп 7 d 012 зн Q Pre Е 0.14 60шс,АюВ 
яс. a. 1 
015 150,7 0.16 © 7 CV^ Gi) - = CVXK - 1); s (K*2(K- Nev’; 


Q.17 ()5x10* V/m,3 x 104 V/m; (ii) 35/9 





EXERCISE * II 


re Та! 


01 (а) 12 V,9V,3V,13V,16V, (b) pope 


eSnK ЕАСИ 4 [ AV. 2 ( «.АУ, 
Е 


` 
u 





0.2 C= 


Q.4 (i) 1.5 x 104 V/m, 4.5 x 10^ V/m, (ii) 75 V, 225 V, (iii) 8 x 107 C/m? 
1/п 
1 
0.5 2uA 0.6 W- 5 С, MAS [23 Q.7C=C, (s) d = 0.01078 pF, п = 20 
У 2 


C,’V(C,+C;) Е GGCV 


0:84 270—335. а аа ыз 
d C,C,4C,C,+C,C, 47 GIC; tC; Co CIC, 


АУ? К (2, ү? [казе av?) 
| th а 0.11 12 volt Q.13 69 mC 


Co Ча (3% 


2d? (d, - d) y Aso (3 md; 


E CV 


3kq 4q 1 
— where dj = -55 + U, = AK(q+qy) /35т 015 q= св[:-1) e 


10r 





09.14 U- 
су 1 4 
2011-28 

0.16 а М 2 
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0.17 For t < 250 us, [=0.04 e*t атр; 





For t>250 us, 1=- 0.1 1e 4000(t-250)x10 amp, 


400 ш "n Ж 


EXERCISE Я Ш, 


t 
(10-4) 


01 ()02х10%Е, 1.2 x 10-57; (ii) 4.84 x 1027 ; Gii) 1.1 x 10-57 


СКК к, 
0.2 4.425 x 10? Ampere Q.3 B 04 125 hn 
(K;-K) К, 


0.5 Q,=90 uC, Ор = 150 uC, Ос = 210 UC, U; = 47.4 mJ, О; = 18 mJ 








V4.8 BA / 2є fd 
ee Se SP es —— j| £n| ———— 
Q.6 2,91 х19% m/s 07 D 0.8 F 260 
CVR, R +R, 
0.9 С 0.10 Q, = В +R, and a = CRR, Q.11 D 
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QUESTION FOR SHORT ANSWER 


The electric strength of air is about 30, 000 V/cm. By this we mean that when the electric field intensity 
exceeds this value, a spark will jump through the air. We say that “electric breakdown” has occurred. 
Using this value, estimate the potential difference between two objects where a spark jumps. A typical 
situation might be the spark that jumps between your body and a metal door handle after you have 
walked on a deep carpet or slid across a plastic car seat in very dry weather. 


If you grasp the two wires leading from the two plates of a charged capacitor, you may feel a shock. The 
effect is much greater for а 2-ИЕ capacitor than for a 0.02uF capacitor, even though both are are 
charged to the same potential difference. Why? 


Three infinite nonconducting sheets, with uniform surface charge densities 
б, 26 and 3с are arranged to be parallel like the two sheets in Fig. What 


is their order, from left to right, if the electric field E produced by the 
arrangement has magnitude E = 0 in one region and Е = 20/e, in another 
region? 





As shown in the figure plots of charge versus potential difference for three parallel plate capacitors, 
which have the plate areas and separations given in the table. Which of the plots goes with which of the 
capacitors? 


Capacitor Area Separation 





1 A d 
2A d 
3 A 2d 


Initially, a single capacitance C, is wired to a battery. Then capacitance C, is added in parallel. Are (a) 
the potential difference across C, and (b) the charge 4, оп C, now more than, less than, or the same as 
previously? (c) Is the equivalent capacitance С, of C, and C, more than, less than, or equal to C,? (d) 
Is the total charge stored on C, and C, together more than, less than, or equal to the charge stored 
previously on C,? 


As shown in the figure three circuits, each consisting of 
a switch and two capacitors, initially charged as — (8 Е 
indicated. After the switches have been closed, in which 69 {> ІР al 1; 3q а n h 
circuit (if any) will the charge on the left-hand capacitor 2c | | E i | [^ 
(a) increase, (b) decrease and (c) remain the same? 

Cap-monster maze. Inthe Figure all the capacitors have a Lb NOR 
of 6.0 uF, and all the batteries have an emf of 10V. What is the charge 


on capacitor C? (If you can find the proper loop through this maze, you * 
can answer the question with a few seconds of mental calculation.) 





An oil filled capacitor has been designed to have a capacitance C and to operate safely at or below a 
certain maximum potential difference У, without arcing over. However, the designer did not do a good 
job and the capacitor occasionally arcs over. What can be done to redesign the capacitor, keeping C 
and V, unchanged and using the same dielectric? 


One of the plates of a capacitor connected to battery is earthed. Will the potential diffrence between 
the plates change if the earthing wire is removed? 
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Take approx. 2 minutes for answering each question. 


от 
1 А 
$ 


Q.2 


Q3 


0.5 


ONLY ONE ОРТТОМ.15 CORRECT. 


Cond. Diele. 


The distance between plates of a parallel plate capacitor is 5d. Let the 
positively charged plate is at x—0 and negatively charged plate is at 
x=5d. Two slabs one of conductor and other of a dielectric of equal 
thickness d are inserted between the plates as shown in figure. 
Potential versus distance graph will look like : 





х=0 х=4 x=2d х=34 х=44 x-5d 


d V V у 
(А) (В) А (С) | | | (D) 


A parallel plate capacitor has two layers of dielectric as shown in figure. 
This capacitor is connected across a battery. The graph which shows 
the variation of electric field (E) and distance (x) from left plate. 





ШТ 


(840) (340) 










Г} p 


Maa D)| | 


(40) (34,0) (42) Gao) * 


| (С) 


(40) Gao) ^ 


x 





The distance between the plates of a charged parallel plate capacitor is 5 cm and electric field inside the 
plates is 200 Уст '. Anuncharged metal bar of width 2 cm is fully immersed into the capacitor. The 
length of the metal bar is same as that of plate of capacitor. The voltage across capacitor after the 
immersion of the bar is 


(A) zero (B) 400 V (C) 600 V (0) 100 V 
Q 2Q 
Three large plates are arranged as shown. How much charge will flow through ы 
the key k if it is closed? 
5Q 4Q 3Q 
(A) (B) -77 (C) > (О) none 
л K 


Five conducting parallel plates having area А and separation between them d, are placed 4 = 








as shown in the figure. Plate number 2 and 4 are connected wire and between point A ||2|з PT 
and B, a cell of emf E is connected. The charge flown through the cell is 
А 3 &АЕ E 2 &)AE C 4£9 AE D £y AE 
(Bor Eni. (Nese (Oe or os 
3uF 
If charge on left plane of the 5ЏР capacitor in the circuit segment shown p p= BITES Ж 
in the figure 18-208, the charge on the right plate of 3uF capacitor is ж Р 
N 1 
(A)+8.57uC (В)-857ЫС (C)+11.42uC (D)-11.42 uC -a 
Five identical capacitor plates are arranged such that they make capacitors each of 10У 
2 нЕ The plates are connected to a source of emf 10 У. The charge on plate C is B A 
(A)+20 uC (B) + 40 1C (C) + 60 nC (D) + 80 uC e 
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0.9 


0.10 


ол 


0.12 


0.13 


A capacitor of capacitance С is charged to a potential difference V from а cell and then disconnected 
from it. Acharge *Q is now given to its positive plate. The potential difference across the capacitor is 
now 


Q Q <. 
Е а oe a < 

(A) V (B)V* c (C) V * 7c (D) V- C, ifV «CV 
In the circuit shown in figure charge stored in the capacitor 2uf 2yf|2uf [Sur spt] АН 

Е = Нн Анн 
of capacity 5 ufis 
(A) 60 uC (B) 20 uC 
(C) 30 uC (D) zero 100 V 


A conducting body 1 has some initial charge О, and its capacitance is C. There are two other conducting 
bodies, 2 and 3, having capacitances : C, = 2C and С, — oo. Bodies 2 and 3 are initially uncharged. 
"Body 2 is touched with body 1. Then, body 2 is removed from body 1 and touched with body 3, and 
then removed." This process is repeated N times. Then, the charge on body 1 at the end must be 

(A) Q/3N (B) 0/3%-1 (C) Q/N3 (D) None 


Condenser A has a capacity of 15 uF when it is filled with a medium of dielectric constant 15. Another 


condenser В Ваз а capacity 1 ДЕ with air between the plates. Both are charged separately by a battery 


of 100V . After charging, both are connected in parallel without the battery and the dielectric material 
being removed. The common gzotential now is 
(A) 400V (B) 800V (C) 1200V (D) 1600V 


In the adjoining figure, capacitor (1) and (2) have a capacitance “С” each. When the dielectric of dielectric 
consatnt K is inserted between the plates of one ofthe capacitor, the total charge flowing through battery is 


B 





(A) 6 — Е from В toC (B) ne 





Kel from C to B 
(К -1)CE (К -1)CE ^ 
(C) “2K +1) from B to C (D) OK from Cto B 


Two identical capacitors 1 and 2 are connected in series to a battery as shown іп 
figure. Capacitor 2 contains a dielectric slab of dielectric constant k as shown. Q, 
and Q, аге the charges stored in the capacitors. Now the dielectric 


slab is removed and the corresponding charges аге ©’, and Q’,. Then 


О, k+l Qj k+l Qj k+1 
Ao, “өрен (© о,“ зк 9775 





The area ofthe plates of a parallel plate capacitor is А and the gap between them is d. The gap is filled 
with a non-homogeneous dielectric whose dielectric constant varies with the distance ‘y’ from one plate 
аз: К = Аѕес(лу/24), where À is a dimensionless constant. The capacitance of this capacitor is 

(A) ле ^ А / 2d (B) тє). A/d (C) 2me a A/d (D) none 


A capacitor stores 60uC charge when connected across a battery. When the gap between the plates is 
filled with a dielectric , a charge of 120uC flows through the battery. The dielectric constant of the 
material inserted is : 


(A) 1 (В)2 e (C)3 (D) none 
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In the above question, if the initial capacitance of the capacitor was 2 Е, the amount of heat produced 
when the dielectric is inserted. 
(A) 3600pJ (В) 2700pJ (С) 1800pJ (D) none 


A capacitor of capacitance C is initially charged to a potential difference of V volt. Nowit is connected 
to abattery of 2V with opposite polarity. The ratio of heat generated to the final energy stored in the 


capacitor will be 

(A) 1.75 (B) 2.25 (С) 2.5 (D) 1/2 

Three plates А, B and C each of area 0.1 m? are separated by 0.885 A 

mm from each other as shown in the figure. A 10 V battery is used to в Ген 
charge the system. The energy stored іп the system is 

(A) 1 pJ (В) 10 Ш (C) 102 jJ (D) 102 uJ 


A parallel plate capacitor of capacitance C is connected to a battery and is charged to a potential 
difference V. Another capacitor of capacitance 2C is similarly charged to a potential difference 2V. The 
charging battery is now disconnected and the capacitors are connect in parallel to each other in such a 
way that the positive terminal of one is connected to the negative terminal ofthe other. The final energy 
ofthe configuration is 


(A) zero (B) а CV? (C) = су? (D) 2 CV? 


А 2 uF capacitor is charged to a potential = 10V. Another 4 uF capacitor is charged to a 
potential = 20V. The two capacitors are then connected in a single loop, with the positive plate of one 
connected with negative plate of the other. What heat is evolved in the circuit? 

(A) 300 uJ (B) 600 uJ (С) 900 uJ (D) 450 uJ 


The plates S and T of an uncharged parallel plate capacitor are connected across a battery. The battery 
is then disconnected and the charged plates are now connected in a system as shown in the figure. The 
system shown is in equilibrium. All the strings are insulating and massless. The magnitude of charge on 
one ofthe capacitor plates is: [Area of plates = A] 





— |АтрА =, 
(A) J2mgA є, (Bg aet 
———— |2mgA e, 
(C) mgA =, D 
In the circuit shown, the energy stored in 1 pF capacitor is 
(A) 40 uJ (B) 64 uJ 
(C) 32 uJ (D) none 





Four metallic plates arearranged as shown in the figure. Ifthe distance between each plate then capacitance 
of the given system between points A and В is (Given d << A) 


= А 289A S 1 
(А) Т. (В) d A {4 В 
d 
35, А 45, А 
(ou oO) 
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0.24 


0:31 


„А 


What is the equivalent capacitance of the system of capacitors | wie | 
between A & B ds Sor с | 

y С С C 
(A) F С (В) 1.6 С (С) С (D) None s 


From а supply ofidentical capacitors rated 8 uF, 250 V, the minimum number of capacitors required to 
form a composite 16 uF, 1000 Vis: 
(А)2 (В)4 (C) 16 (D) 32 


The minimum number of capacitors each of 3 ЦЕ required to make a circuit with an equivalent capacitance 
2.25 uF is 








(A)3 (B)4 20 (O5 (D) 6 
The capacitance (C) for an isolated conducting sphere of radius (a) is given by 47a. If the sphere is 
enclosed with an earthed concentric sphere. The ratio of the radii of the spheres being = i then the 
capacitance of such a sphere will be increased by a factor 
(Ат в) =" © 220 (D)a.n 

(n -1) n 


Two capacitor having capacitances 8 uF and 16 uF have breaking voltages 20 V and 80 V. They аге 
combined in series. The maximum charge they can store individually in the combination is 
(A) 160 uC (B) 200 uC (С) 1280 uC (D) none ofthese 


A capacitor of capacitance 1 uF withstands the maximum voltage 6 kV while a capacitor of 2 uF 
withstands the maximum voltage 4 kV. What maximum voltage will the system of these two capacitor 
withstands if they are connected in series? 

(A) 10kV (B)12kV (C) 8kV - (D)9kV 


Four identical plates 1, 2, 3 and 4 are placed parallel to each other at equal distance as shown in the 
figure. Plates 1 and 4 are joined together and the space between 2 and 3 is filled with a dielectric of 
dielectric constant К = 2. The capacitance of the system between 1 and 3 & 2 and 4 are С, and С, 





C, (———————— 
respectively. The ratio ae is: о 
1 ^ 3 
( 
5 3 5 ess e 
(A) (В)! (O ; 0)- i 
In the circuit shown in figure, the ratio of charges on 5uF 
and 4uF capacitor is ; 
(A) 4/5 (B) 3/5 
(C) 3/8 | (О) 1/2 
In the circuit shown, a potential difference of 60V is applied across AB. Á Я 
The potential difference between the point М апа № is | | FT 


(A) 10 V (В) 15У 


(C)20 V (D)30 V B ыы: 6 
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0.33 Find the equivalent capacitance асгоѕѕА& В қ ы 
23ҺЕ ГІ 
і 28 15 13pF i Е 
(A) 7 uf (B) > uF ME : 
(C) 15 pF (D) none 10дЕ ІШЕ 


0.34 A capacitor of capacitance 1 uF with stands the maximum voltages 6 KV while a capacitor of capacitance 
2.0 НЕ with stands the maximum voltage = 4KV. if the two capacitors are connected in series, then the 


X. . twocapacitors combined can take up a maximum voltage of 
122 (A)2.4KV (В)5 КУ (С)9 KV (D) 10 KV 
Q.35 The diagram shows four capacitors with capacitances and break down voltages 3C:IkV — 2C2kV 


as mentioned. What should be the maximum value ofthe external emf source 
such that no capacitor breaks down?[Hint: First of all find out the break down 
voltages of each branch. After that compare them.] ЩЕ 
(A)2.5kV (B) 10/3kV (C)3 kV (D) 1 kV 





0.36 Three capacitors 2 uF, 3 uF and 5 НЕ can withstand voltages to ЗУ, 2V and 1V respectively. Their 
series combination can withstand a maximum voltage equal to 


(A) 5 Volts (B) (31/6) Volts (C) (26/5) Volts (D) None 
0.37 Find equivalent capacitance across AB (all capacitances in uF) 17. „40 
7v “A 
20 
(A) rp (B)9uF гак ye 
(23 5 | 
(C) 48 uF (D) None V 4 


0.38 Three long concentric conducting cylindrical shells have radii R, 2R and 24/2 В. Inner and outer shells 
are connected to each other. The capacitance across middle and inner shells per unit length is: 


| 
L- 4 Є) 61€, € 
A) 2— B C 
(д) — (Bye, (C) 
0.39 A charged capacitor is allowed to discharge through a resistance 2О by closing 
the switch S at the instant = 0. At time t = /n 2 us, the reading of the ammeter 
falls half of its initial value. The resistance ofthe ammeter equal to | 
(A)0 (B)20 -— SEn 
(C) © (D) 2MQ 
0.40 Acapacitor C= 100 uF is connected to three resistor each of resistance 
1 КО and a battery of emf 9V. The switch S has been closed for long 
time so as to charge the capacitor. When switch S is opened, the 
capacitor discharges with time constant 
(A) 33 ms (B) 5 ms 
(C) 3.3 ms (D) 50 ms 


{ 


T 1) 
212 








(D) None 





0.41 A capacitor С = 100 uF is connected to three resistors each of resistance 1 kW and WV! 
сама battery of emf 9V. The switch S has been closed for long time so as to charge the 


^ ¿9 capacitor. When switch S is opened, the capacitor discharges with time constant. і 7 7s 
? о \\. (A)33ms (B) 5 ms (С) 3.3 ms (Ы) 5005 жо ` 
АЗ 


- 
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Q.42 


0.43 


0.46 


0.47 


0.48 


0.49 


In the transient shown the time constant of the circuit is : 


5 5 
(А) = RC (В) = ЕС 





7 7 
(С) 7 КС (D) = RC 


In the circuit shown in figure C,=2C,. Switch S is closed at time t=0. 
Let i, and i, be the currents flowing through C, and C, at any time t, 
then the ratio i,/1, 

(A) is constant 

(B) increases with increase in time t 

(C) decreases with increase in time t 

(D) first increases then decreases 


Find heat produced in the capacitors on closing the switch S 
(A) 0.0002 J (B) 0.0005 J 
(C) 0.00075 (D) zero 





In the circuit shown, when the key k is pressed at time t = 0, which of the following statements about 
current Lin the resistor AB is true е ! 

(А)І-2тА at allt A 

(В) I oscillates between 1 mA and 2mA — Qio 

(C) I7 1 mA at all t i 

(D) At t= 0, [= 2mA and with time it goes to 1 mA 


In the Е-С circuit shown in the figure the total energy of 3.6 x 10? J is dissipated in the 10 О resistor 


when the switch S is closed. The initial charge on the capacitor is фев 1 
60 uF 2 
(A) 60 uC (В) 120 uC (С)60,/5 ис (D) 77 ис | P 
С-0.5ҺЕ 


А charged capacitor is allowed to discharge through a resistor by closing the 

key at the instant t =0. At the instant = (In 4) us, the reading of the ammeter K 
falls half the initial value. The resistance of the ammeter is equal to ( 

(А)1 МО (В)10 (С)20 (D) 2MQ Daa 


In the circuit shown, the cell is ideal, with emf= 15 V. Each resistance is 
of 302. The potential difference across the capacitor is 

(A) zero (B)9 V 

(C) 12 V (D)15V 


Question No. 49 to 52 (4 questions) 
In the circuit shown in figure, four capacitors are connected to a battery. 


The equivalent capacitance of the circuit is 
(A) 25 uF (B) 6 uF (C) 8.4 uF 
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Q.54 


The charge on the 5 uF capacitor is 
(A) 60 uC (В) 24 uC (C) 12 uC (D)20 uC 


The potential difference across the 6 uF capacitor is 
(A)6V (B)4V (C) 5V (D) none 


The maximum energy is stored in the capacitor of 
(A) 10 pF (B) 6 uF (C) 5 uF (D) 4 uF 


A parallel plate capacitor has an electric field of 10°V/m between the plates. If the charge on the capacitor 
plate is 1uC, then the force on each capacitor plate is 
(А) 0.1Nt (B) 0.05Nt (C) 0.02Nt (D) 0.01Nt 


А capacitor is connected to a battery. The force of attraction between the plates when the separation 
between them is halved 

(A) remains the same (B) becomes eight times 

(C) becomes four times (D) becomes two times 


ONE OR MORE THAN ONE OPTION MAY BE CORRECT. 


Take approx. 3 minutes for answering each question. 


Q.1 


Q2 


Q.3 


0.4 


A parallel plate capacitor A is filled with a dielectric whose dielectric constant varies with applied voltage 
as K = V. An identical capacitor B of capacitance C, with air as dielectric is connected to voltage source 
У, = 30V and then connected to the first capacitor after disconnecting the voltage source. The charge 
and voltage on capacitor. 


(A) A are 25C, and 25V (B) Aare 25C, and 5 V 

(C) B are 5c, and 5V (D) B are 5C, and 25 V 

Two capacitors of 2 uF and 3 НЕ are charged to 150 volt and 1.5pF 
120 volt respectively. The plates of capacitor are connected as Sag 22522) 


shown in the figure. A discharged capacitor of capacity 1.5 uF 
falls to the free ends of the wire. Then 

(A) charge on the 1.5 ДЕ capacitors is 180 uC 

(В) charge on the 2uF capacitor is 120 uC 

(C) charge flows through A from right to left. 

(D) charge flows through A from left to right. 


Б 

+ - 

150V __ 2pF 3pF- 120V 
я + 


In the circuit shown, each capacitor has а capacitance C. The emf of the cell is E. If the switch S is closed 
(A) positive charge ууш fiow out of the positive terminai of the cei 


5 
(В) positive charge will enter the positive terminal of the cell ПЕ 
(C) the amount of charge flowing through the cell will be CE. а à 
E 


(D) the amount of charge flowing through the cell will be 4/3 CE. 


In the circuit shown initially C,, C, are uncharged. After closing the 


) SN lary 
switch 8 


(А) The charge оп С, is greater that on С Сү=4НЕ 
в 2 МЫ І 


(В) The charge оп C, and C, are the same | A | 


(C) The potential drops across C, and C, are the same js 
(D) The potential drops across C, is greater than that across C, 
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A parallel plate air-core capacitor is connected across a source of constant potential difference. When а 
dielectric plate is introduced between the two plates then : 

(A) some charge from the capacitor will flow back into the source. 

(B) some extra charge from the source will flow back into the capacitor. 

(C) the electric field intensity between the two plate does not change. 

(D) the electric field intensity between the two plates will decrease. 


A parallel plate capacitor has a parallel sheet of copper inserted between and parallel to the two plates, 
without touching the plates. The capacity of the capacitor after the introduction of the copper sheet is : 
(A) minimum when the copper sheet touches one of the plates. 

(B) maximum when the copper sheet touches one of the plates. 

(C) invariant for all positions of the sheet between the plates. 

(D) greater than that before introducing the sheet. 


In the circuit shown in the figure, the switch S is initially open and the ‚ 20h 4рЕ 
capacitor is initially uncharged. I}, І, and I, represent the current in the LES Vicit H 
resistance 2Q, 4Q and 8Q respectively. Ф 

(A) Just after the switch S is closed, I, = ЗА, I, = ЗА and I, = 0 

(B) Just after the switch S is closed, I, =ЗА, L = 0 and I, =0 

(C) long time after the switch S is closed, I, =0.6 A, 1, =0 and I, =0 

(D) long after the switch S is closed, 1, = 1, =1, 70.6 A. 


The circuit shown in the figure consists of a battery of emfs = 10 У; a capacitor 
е capacitance С = 1.0 uF and three resistor of values R| = 20, R= 2Q and ire S 
= 10. Initially the capacitor is completely Серая and the switch 8 is ы | | 
= Re < =e 
Е The switch S is closed at t= 0. : 
(A) The current through resistor R, at the moment the switch closed is zero. 
(B) The current through resistor В. a long time after the switch closed is 5A. 


(C) The ratio of current through R, and R, is always constant. 
(D) The maximum charge on the capacitor during the operation is 5uC. 


In the circuit shown in figure C, = С, = 2uF. Then charge stored in 
(A) capacitor C, is zero (B) capacitor C, is zero 
(C) both capacitor is zero (D) capacitor С, is 40 uC 


A capacitor of capacity C is charged to a steady potential difference V and 
connected in series with an open key and a pure resistor 'R'. At timet = 0, the 
key is closed. If = current at time t, a plot of log I against 't' is as shown in (1) 
in the graph. Later one ofthe parameters i.e. V, R or C is changed keeping the 
other two constant, and the graph (2) is recorded. Then 

(A) C is reduced (B) C is increased 

(C) Ris reduced (D) В is increased 
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Question No.11 to 12 (2 questions) 
The charge across the capacitor in two different RC circuits 1 and 
2 are plotted as shown in figure. 


Choose the correct statement(s) related to the two circuits. 
(A) Both the capacitors are charged to the same charge. 
(В) Тһе ет $ of cells in both the circuit are equal. 

(C) The emf's of the cells may be different. 

(D) Тһе emf E, is more than E, 


Identify the correct statement(s) related to the R,, R,, C, and С. of the two RC circuits. 





(A)R, >В, НЕ, =E, (B) C, « C; Е, =E, 
R, C; 
(C) RC, > RC, (D) R, < с, 


A parallel plate capacitor is charged by connecting it to a battery. The battery is disconnected and the 

plates of the capacitor are pulled apart to make the separation between the plates twice. Again the 

capacitor is connected to the battery (with same polarity) then 

(A) Charge from the battery flows into the capacitor after reconnection 

(B) Charge from capacitor flows into the battery after reconnection. 

(C) The potential difference between the plates increases when the plates are pulled apart. 

(D) After reconnection of battery potential difference between the plate will immediately becomes half of 
the initial potential difference. (Just after disconnecting the battery) 


The plates of a parallel plate capacitor with no dielectric are connected to a voltage source. Now a 
dielectric of dielectric constant K is inserted to fill the whole space between the plates with voltage 
source remaining connected to the capacitor. 

(A) the energy stored in the capacitor will become K—times 

(B) the electric field inside the capacitor will decrease to K-times 

(C) the force of attraction between the plates will increase to K?-times 

(D) the charge on the capacitor will increase to K-times 


Four capacitors and a battery are connected as shown. The potential iz 

drop across the 7 НЕ capacitor is 6 V. Then Ше: sp —TI 4 

(A) potential difference across the 3 uF capacitor is 10 V ae 7ҺЕ 

(В) charge on the 3 uF capacitor is 42 uC 3.9ҺЕ z 
3pF 


(C)  emfofthebatteryis30 V 
(D) potential difference across the 12 uF capacitor is 10 V. 


A circuit shown in the figure consists of a battery of emf 10 V and two capacitance C, and C, of 
capacitances 1.0 uF and 2.0 uF respectively. The potential difference V, — Vp is 5V 

(A) charge on capacitor C, is equal to charge on capacitor C, Peg c ps 

(B) Voltage across capacitor C, is 5V. ea cette, 

(C) Voltage across capacitor C, is 10 V 

(D) Energy stored in capacitor C. is two times the energy stored in capacitor C,. 


A capacitor C is charged to a potential difference V and battery is disconnected. Now if the capacitor 
plates are brought close slowly by some distance : 

(A) some +ve work is done by external agent (В) energy of capacitor will decrease 

(C) energy of capacitor will increase (D) none ofthe above 





6 Bansal Classes Question Bank on Capacitance [11] 


Q.18 


0.19 


0.20 


0.21 


0.22 


0.23 


0.24 


0.25 


The capacitance ofa parallel plate capacitor is С when the region between the plate has air. This region 
is now filled with a dielectric slab of dielectric constant К. The capacitor is connected to a cell of emf E, 
and the slab is taken out 

(A) charge CE(k - 1) flows through the cell (В) energy E?C(k - 1) is absorbed by the cell. 

(C) the energy stored in the capacitor is reduced by E*C(k - 1) 


1 
(D) the external agent has to do ЁС — 1) amount of work to take the slab out. 


Two capacitors of capacitances ІҢЕ and 3uF are charged to the same voltages 5V. They are connected 
in parallel with oppositely charged plates connected together. Then: 

(A) Final common voltage will be 5У. (B) Final common voltage will be2.5 V 

(C) Heat produced in the circuit will be zero. (D) Heat produced in the circuit will be 37.5 pJ 


The two plates X and Y ofa parallel plate capacitor of capacitance C are given a charge of amount Q 
each. X is now joined to the positive terminal and Y to the negative terminal ofa cell of emfE = Q/C. 
(A) Charge of amount О will flow from the negative terminal to the positive terminal of the cell inside it. 
(B) The total charge on the plate X will be 2Q. 

(C) The total charge on the plate Y will be zero. 

(D) The cell will supply СЕ? amount of energy. 


A dielectric slab is inserted between the plates of an isolated charged capacitor. Which of the following 
quantities will remain the same? 

(A) the electric field in the capacitor (B) the charge on the capacitor 

(C) the potential difference between the plates (D) the stored energy in the capacitor. 


The separation between the plates ofa isolated charged parallel plate capacitor is increased. Which of 
the following quantities will change? 

(A) charge on the capacitor (B) potential difference across the capacitor 

(C) energy of the capacitor (D) energy density between the plates. 


Each plate ofa parallel plate capacitor has a charge q on it. The capacitoris now connected to a battery. Now, 
(A) the facing surfaces ofthe capacitor have equal and opposite charges. 

(B) the two plates ofthe capacitor have equal and opposite charges. 

(C) the battery supplies equal and opposite charges to the two plates. 

(D) the outer surfaces ofthe plates have equal charges. 


Following operations can be performed ona capacitor : 

X – connect the capacitor to a battery of emf E. Y -disconnect the battery 

Z —reconnect the battery with polarity reversed. W -insert a dielectric slab in the capacitor 

(A) In XYZ (perform X, then Y, then Z) the stored electric energy remains unchanged and no thermal 
energy is developed. 

(B) The charge appearing on the capacitor is greater after the action XWY than after the action XYW. 

(C) The electric energy stored in the capacitor is greater after the action WXY than after the action XYW. 

(D) The electric field in the capacitor after the action XW is the same as that after WX. 


A parallel plate capacitor is charged and then disconnected from the source of potential difference. If the 
plates ofthe condenser are then moved farther apart by the use of insulated handle, which one ofthe 
following is true? 

(А) the charge on the capacitor increases (B) the charge on the capacitor decreases 

(C) the capacitance of the capacitor increases (D) the potential difference across the plate increases 
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А parallel plate capacitor is charged and then disconnected from the source steady E.M.F. The plates 
are then drawn apart farther. Again it is connected to the same source. Then : 

(A) the potential difference across the plate increases, while the plates are being drawn apart. 

(B) the charge from the capacitor flows into the source, when the capacitor is reconnected. 

(C) more charge is drawn to the capacitor from the source, during the reconnection. 

(D) the electric intensity between the plates remains constant during the drawing apart of plates. 


When a parallel plates capacitor is connected to a source of constant potential difference, 

(A) all the charge drawn from the source is stored in the capacitor. 

(B) all the energy drawn from the source is stored in the capacitor. 

(C) the potential difference across the capacitor grows very rapidly initially and this rate decreases to 
zero eventually. 

(D) the capacity of the capacitor increases with the increase of the charge in the capacitor. 


When two identical capacitors are charged individually to different potentials and connected parallel to 
each other, after disconnecting them from the source : 

(A) net charge on connected plates is less than the sum of initial individual charges. 

(B) net charge on connected plates equals the sum of initial charges. 

(C) thenet potential difference across them is different from the sum of the individual initial potential differences. 
(D) the net energy stored іп the two capacitors is less than the sum of the initial individual energies. 


A parallel plate capacitor of plate area A and plate seperation d is charged to potential difference V and 
then the battery is disconnected. A slab of dielectric constant K is then inserted between the plates of the 
capacitor so as to fill the space between the plates. IfQ, E and W denote respectively, the magnitude of 
charge on each plate, the electric field between the plates (after the slab is inserted) and the work done 
on the system, in question, in the process of inserting the slab, then 











. [ЕДУ =КАУ У SAVA 1` 
(A) Q= 3 0 1--| 


(B)Q= 3 (OE- Kd (D) W=- 2 


A parallel plate capacitor is connected to a battery. The quantities charge, voltage, electric field and 
energy associated with the capacitor are given by Qo, Vo, E, and О, respectively. A dielectric slab is 
introduced between plates of capacitor but battery is still in connection. The corresponding quantities 
now given by О, V, E and U related to previous ones аге 

(A) Q» Q, (B) V» V, (C)E>E, (D)U «U, 


A parallel-plate capacitor is connected to a cell. Its positive plate A and its negative plate B have charges 
+Q and —Q respectively. A third plate C, identical to A and B, with charge +Q, is now introduced 
midway between A and B, parallel to them. Which ofthe following are correct? 


3 
(A) The charge on the inner face of B is now >36 


(B) There is no change in the potential difference between A and В. 

(C) The potential difference between A and C is one-third of the potential difference between B and C. 
(D) The charge on the inner face of Aisnow Q/2. ^ 

Two capacitors C, = 4 uF and C, = 2uF are charged to same potential 5 r—1 кү 5; 
V =500 Volt, but with opposite polarity as shown in the figure. The switches S, lg 

and S, are closed. - ig! 
(A) The potential difference across the two capacitors are same and is given by 500/3 V 

(B) The potential difference across the two capacitors are same and is given by 1000/3 V 

(C) The ratio of final energy to initial energy of the system is 1/9. 

(D) The ratio of final energy to initial energy ofthe system is 4/9. 
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A parallel plate capacitor is charged to a certain potential and the charging battery is then disconnected. 
Now, ifthe plates of the capacitor are moved apart then: 

(A) The stored energy of the capacitor increases 

(B) Charge on the capacitor increases 

(C) Voltage of the capacitor decreases 

(D) The capacitance increases 


If a battery of voltage V is connected across terminals I of the block box 
shown in figure, an ideal voltmeter connected to terminals II gives a reading 


of V/2, while if the battery is connected to terminals II, a voltmeter across 
terminals РУ 
I reads У The black box may contain 


ee ee 





! І 
о 9—6 
(A) ! t ZR - ll (B) ! i FE - п 
| еі aL uu 
e "iL e 
(Oi ERI N (D)! | "m NEC 


-———— — e eee eee ә 


Two capacitors of equal capacitance (C, = С.) are shown in the figure. 
Initially, while the switch S is open, one of the capacitors is uncharged and 
the other carries charge Q,. The energy stored in the charged capacitor is 


U,. Sometimes after the switch is closed, the capacitors C, and C, carry press] 
charges О, and Q,, respectively; the voltages across the capacitorsareV, — с с. 
and У,; and the energies stored in the capacitors аге U, and U,. Which of | | | Е 
the following statements is INCORRECT ? 

| 
(А) 0,= 5 (Q, * Q) В) О, = О, 
(C)V,=V, (0) Ч, =U, 


(Е) О,= 0, +U, 


Question №. 36 to 39 (4 questions) 
The figure shows a diagonal symmetric arrangement of capacitors and a 4uF 


battery mina. 


Identify the correct statements. A в i 
(A) Both the 4uF capacitors carry equal charges in opposite sense. | 2uF P АР 
(B) Both the 4uF capacitors carry equal charges in same sense. 2 

(C) Vp- Vp>0 E=20V 

(D) Vy - Vg? 0 

Ifthe potential of C is zero, then 

(A) У, 7* 20V (B) (V, - Vg) + 2(Vp - Vg) =2Ув 

(C) 2(V, — Vp) + 2(Vg - Vp) - 4Vy (D) V, = Vg t Vp 

The potential of the point B and D are 

(A) Vy - 8V (B) Vy = 12V (C) Vy * 8V (D) Vp = 12V 
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0.39 The value of charge q,, q, and д; as shown іп the figure are 
(А) 4, = 32 UC ; q, = 24 uC ; q=- 8 uC 
(В) 4 =48 uC; 4, = 16 uC; 9 = +8 uC 
(C) 4 =32 uC ; 9 = 24 uC ; = +8 uC 
(р) а =3 uC; 9 =4uC;q=+2 uC 





E=20V 


0.40 101 the charge on the plates ofa capacitor of capacitance C, V the potential difference between the plates, 
A the area of each plate and d the distance between the plates, the force of attraction between the plates is 


16” ү ый 1] cv? if e 
(A) Um (B) 2 ee | © id Оаа 
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69 ----- Requires slight mind scratching. 
№ ———— Requires recollection of various concepts. 


Requires calculation skill. 





D ------ Easy life. 


SITTING-—I 


(EASY LIFE) 


01  Whenanelectronic transition occurs in an atom from higher energy state to a lower energy state with 
energy difference equal to AE electron volts, the wavelength ofthe radiation emitted is approximately 
equal to 


12397 x10 1? 12397 x10? 12397 x107!? 12397 x10!? 
Ope ten О) ае ан О 


Q.2  Ineachofthefollowing questions two statements are given as Assertion A and Reason В. Examine the 
statements carefully and answer the questions according to the instructions given below: 
(A) ifboth A and R are correct and R is the correct reason of A. 
(B) ifboth A and R are correct and R is not the correct reason of A. 
(C) if A is correct and R is wrong. 
(D)if A is wrong and К is correct. 
AE) if both A and В are wrong. 
(a) Assertion A. The gases which are isosteres diffuse at the same rate under similar conditions. 
Reason R. Diffusion and effusion do not follow the same law. 
(b) Assertion A. The value of van der Waal constant b is higher for М, than for NH}. 
Reason R. NH, molecules are associated with H-bonds. 
(c) Assertion A. К.Е. ofall the gases approach zero as their temperature approach zero kelvin. 
Reason R. Molecular motion ceases at absolute zero. 
(d) Assertion A. Helium shows only positive deviation from ideal behaviour. 
Reason R. Helium is chemically inert noble gas. 
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У vs T curves at differnt pressure P, and P, for an ideal gas are shownbelow. У 
Which one of the following is correct? 
(A) P, >Р, (PECES 

a) 
(C) P, =P, (Dp 2 





Theunits of compressibility factor are 
(А) atm L-7! (В) atnr! (C) L1 (D) unitless 


Which ofthe following statements is most appropriate for a real gas. 

(A) Force ofattraction between the molecules exists at low pressure only. 

(B) Force of attraction between the molecules exists at high pressure only. 

(C) Force of attraction between the molecules affect gaseous property at high temperature. 
(D) Force of attraction between the molecules affect gaseous property at low pressure. 


Which among the following has rate of effusion less than the moist air? 


(A) He (B) Dry air (C) NH, (D) Heavy hydrogen 
The behaviour of real gas is generally depicted by plotting which ofthe following parameter vs pressure 
(A) critical volume (B) density (C) T ca Treal (D) V Lai V ideal 


The ‘atom utilization’ is obtained by dividing molar mass of the desired product by the sum of the molar 
masses of all substances produced according to the reaction equations. The “E factor" is the amount 
(in kg) of by product per kg of products. Calculate “atom utilization" and “Е factor" Identify X, the 
desired product. 

(NH,),S,0, + MnSO, + 2H,O —> (NH,),SO,+ + 2H,SO, 027 


Calculate molality ofa solution containing 72 gm Buckminster Fullerene (Cgo) in one kg water. 
The density of CaCO; (182.71 g/cm}. What is molarity of solid CaCO}. 


5) Ti, 


; = STRENGTHENING CONCEPTS 


Ifin the hydrogen atom РЕ. at oo is chosen to be 13.6 eV then what would be PE. & К.Е. ofe" in the 
first Bohr orbit. 


The value of (n, + n,) and (в: - n2) for Не" ion in atomic spectrum are 4 and 8 respectively. Identify the 


series and find v ofcorresponding line in emission sp. 
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For a polymerisation reaction involving gaseous reactant and product A= nB, ‘A’ undergoes polymerisation 
to an extent of ‘a’ as degree of polymerisation at a temp T,. From this info calculate the following in 
terms ofn and a. 


P/P, ratio where P; is the pressure with the given extent of polymerisation and P, is the pressure 
before polymerisation when temperature was Түп a constant volume container 


V./ Voratio ina chamber where Уг is volume when polymerisation occurs and V, is before polymerisation. 
Both volume measured under similar condition of pressure & temperature. 


Vapour density ofthe mixture ifthe molecular weight of Ais М. 


Compare rate of effusions before polymerisation and after the polymerisation. 
: pori Pg “pf -hbt hime сына: 2 LL мене 2 / 


Sell RECALLING VARIOUS CONCEPTS AT. ONE PLACE NY 
Calculate IE, of oxygen atom. 
Calculate percentage dissociation of H,O into H'& ОН" at 298 K ofa neutral water sample [pH = 7] 


A compound gave on analysis of 60 g sample 44.8 / ofa gas at STP which turns lime water milky & other 
gas which increased the wt, of white. CuSO, crystal by 36 gm. Deduce the molecular formula of the 
compound. 


Elemental As, a poison that kills humans and animal pests may be obtained by reacting As,O, with 


carbon to give As and CO. Compute masses of As and CO formed if 49.5 gm of As,O, reacts completely 
with 7.20 gm of C. [Given at. wt.As=75] (240640 


pum. CALCULATION SKILL (= 





Under identical experimental conditions which ofthe following pairs of gases will be the most easy to 
separate by using diffusion process 

(A) H, and D; (В) U?35F, and U38F, 

(С) CO, and С.Н; (D) O, and N, 

A solution of palmitic acid (M =256) in benzene contains 5 gm acid per litre. When this solution is 
dropped on surface, C,H, gets evaporated and acid forms a unimolecular layer on the surface. If we 
wish to cover an area 5000 cm? with unimolecular film. What volume of solution in ml should be used? 
Area covered by one molecule of acid is 0.32 nm?. 


105 ml of pure water at 4° C is saturated with NH, gas, producing a solution of density 0.9 gm/ml. If this 
solution contains 30% of NH, by wt., calculate its volume. 
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SITTING-II 


EASY LIFE 


In each ofthe following questions two statements are given as Assertion A and Reason R. Examine the 
statements carefully and answer the questions according to the instructions given below: 

(A) ifboth A and R are correct and R is the correct reason of A. 

(B) if both A and R are correct and В is not the correct reason of A. 

(C) ifA is correct and Ris wrong. 

(D) if A is wrong and В is correct. 

(E) ifboth A and R are wrong. 

Assertion A. o-particles have quite less penetrating power. 

Reason В. о-рагіісІеѕ are di-positive ions having appreciable mass. 

Assertion А. Isotopes of an element can be identified with the help of a mass spectrograph. 

Reason R. A mass spectrograph can differentiate between ions having different charge to mass (e/m) 
ratio. 


If the mean free path is / at one bar pressure then its value at 5 bar pressure, if temperature is kept 
constant. 


l 
(А)51 (в) 1 O ©)! 


Open end manometer was connected to gas chanber. The Hg level stood 15 mm higher in the open end 
as compared to the end connected to gas chamber. If the atmospheric pressure is 101.3 kPa. The gas 
pressure in К Pa is 

(A) 103.3 (B) 101.3 (C) 94.3 ! (D) 115.3 


Which of the following gas has highest value of ‘a’? 
(A) Ne (В) 0, (C) Cl, (D) м, 


Three gases of densities A (0.82), B (0.26), C (0.51) are enclosed in a vessel of 4L capacity. Pick up the 
correct statement assuming ideal gas behaviour: 

1. Gas Awill tend to lie at the bottom 

II. The number of atoms of various gases А, B, C are same 

Ш. The gases will diffuse to form homogeneous mixture 

IV. The average kinetic energy of each gas is same 

(A) LIV (B) only III (C) IIL, IV (D) L, III 


Ratio of C, and C, ofa gas ‘X’ is 1.4. The number of atoms ofthe gas ‘X’ present in 11.2 litres of it at 
STP will be 
(A) 6.02 x 1023 (В) 1.2 x 1023 (C) 3.01 x 1023 (D) 2.01 x 1023 


The moles of O, required for reacting with 8960 mL g of ammonia at STP is 
xNH, + yO, = ало + bH,0 is 
(A) 5 (B) 2.5 (C) | (D) 0.5 


Find the number of spectral lines in Paschen series emitted by atomic Н, when electron is excited from 
ground state to n energy level returns back. 


@ Bansal Classes RAksha Bandhan Holidays Assignment Г] 


0.9 


0.10 


о 


0.12 


0.13 


0.14 


0.15 


* o Uw тг) Эх 
о о o o 
o о о о 


802° ^ BRAIN TEASERS | %,-2 
For calculating lattice energy of an ionic crystal, the variation of potential energy was studied following 
22 В 
the relation, О (т) =— CIS 1 
r r 
where ‘a’, “е”, п, Aand x are constants depending upon type of crystal and ‘r’ is the distance between 
theions. Calculate expression of B in terms of given constant for a stable crystal lattice given that ions are 
at a distance of rọ. Calculate potential energy of the crystal in terms ofr, and other given constants. Plot 
an appropriate graph of U (г) v/s r indicating г, in the graph. 





For a gaseous reaction; A,,.>B,,.+2C,,. total pressure at various time from the start of reaction 
is studied. Complete the following table and calculate degreee of dissociation of A at time t= 50 min. 
Given that reaction is 40% complete at time t=100 min. and 100% complete after along time. What can 
be said about average of dissociate of A between 0 to 50 min & between 50 to 100 min. Can you give 
a possible reason for this. 





Time t=0 min t=50 min. t-100min. . і-о 
P тыш) 100 mm 150 mm 
x 100 mm 
Рв "m 





where P, and P, are the partial pressures of A and В. 


С, Ns 
`5) RECALLING VARIOUS CONCEPTS АТ ONE PLACE ® 


А beam of some kind of particle of velocity 2.1 x 107 m/s is scattered by a gold (2 = 79) foil. Find 
specific charge of this particle (charge/mass) if the distance of closest approach is 2.5 х 10-!4 т. 


Show that for large value of principal Q. no. the frequency of an electron rotating in adjacent energy 
levels of H-atom and the radiant frequency for transition between these value all approach the same 


value. 


Find molality of mercurous ion, ifthe concentration of aqueous solution containing it is 160 ppm. 


| CALCULATION SKILL 





Which of the following gaves have mean free path longer than oxygen under similar conditions? 
LH, II. CO, Ш. CL, ГУ. № 
(A) L III (B) IL, IV (СТ IV (D) IL Ш 


By what factor does water expand when converted into vapour at 100°C and 1 atm pressure. The 
density of liquid water at 100°C and 1 atm is 0.96 g cm”. ! 
(А)815 (В) 2000 (С) 1630 (D) 500 | 
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Q.16 


Q.17 


Q.18 


Q.19 


Q.20 


The empirical formula of an organic compound containing carbon and hydrogen is СН,. The mass of 
one litre of this organic gas is exactly equal to that of one litre of №. Therefore the molecular formula of 
the organic gas is 

(A) C,H, (B) C,H, (C) СН), (D) C,H, 


In a photoelectric experiment, it was found that the stopping potential decreases from 1.85 V to 0.82V 
as the of incident light is varied from 300 nm to 400 nm. Calculate planks constant in eVs. 


0.015 mol K,Cr,O, oxidises 2.18 gm of a mix of XO and X,O, into XO, in acidic medium. If 
0.0187 mol of XO, are formed. Calculate atomic weight of X. 

6ХО + 5Cr,O77- + 24H* —> 6X0," + 10C* + 17H,O 

3X,0, + 4Cr,0,7" + 26H* > 6XO, + 8Сг?' + 13Н,0 


xY Y STRENGTHENING CONCEPTS $a a 
22 


Near Mount Kailash is the sacred lake, Mansorvar. In the crystal clear water of the lake, things at the 
bottom of the lake are also clearly visible. On a hot sunny day, when the temperature at the surface is 
27°C an algae at the bottom of the lake produces a 25 ml bubble of pure oxygen. As the bubble rises to 
the top, it gets saturated with the water vapours and has a volume of 100 ml of the surface. The pressure 
at the surface is 720 mm Hg. If the depth of the lake is 27.2 m, find the temperature at the bottom of the 


lake. Vapour pressure of water at 27°C is 20 mm Hg. du o = ] gm/ml, ан, = 13.6 g/ml. 


A beam of light has three А, 4144 A, 4972 A and 6216 A with a total intensity of 3.6 x 10-3 Wm? 
equally distributed amongst the three A. The beam falls normally on an area 1.0 cm? ofa clean metallic 
surface of work function 2.3 eV. Assume that there is no loss of light by reflection etc. Calculate the no. 
of photoelectrons emitted in 2 sec. 


JEE Humour: A Physics teacher, a Maths teacher and a Chemistry teacher were 


walking on a sea shore. Fascinated by sea waves the physics teacher said, “I want to 
study the wave nature of sea waves" and went into the sea and never returned back. 
The maths teacher said, "T want to measure the volume of sea water" and went into the 
sea and never returned back. The chemistry teacher 

concluded "Both physics and maths teacher are so/ub/e in sea water under 
condition of 1 atm and 298 K. 
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Q2 


Q.3 


QA 


Q.5 


Q.6 


Q.7 


Q.8 


Q.9 


Q.10 


Q.11 


(CIRCULAR MOTION. & WORK POWER ENERGY) 
EXERCISE-I ШТИ 


The bob ofa simple pendulum of length / is released from point P. What 
is the angle made by the net acceleration of the bob with the string at 


point Q. 


A ball of mass 1 Ко is released from position A inside a wedge with a hemispherical М 
cut of radius 0.5 m as shown in the figure. Find the force exerted by the vertical ЖҒ--24%--- 
wall OM on wedge, when the ball is in position В. (neglect friction everywhere). ) 
Take (g = 10 m/s?) 


A particle P is moving ona circle under the action of only one force acting 
always towards fixed point O on the circumference. Find ratio of ИХ 
40 (% | x 
— &|— |, 
dt dt 


A particle is moving in x direction, under the influence of force F = x sin nx. Find the work done by 
another external agent in slowly moving a particle from x = 0 to x = 0.5 m. 





A particle moves in a circle of radius R with a constant speed v. Then, find the magnitude of average 


aR 
acceleration during a time interval 5 A 


Inthe figure shown, pulley and spring are ideal. Find the potential energy stored 
in the spring (m, > т). 





A spring of mass m is pulled such that a given instant, velocity of both of its end is v in the opposite 
direction. Find the kinetic energy of the spring. еб 


A particle of mass 3 kg is rotating in acircle of radius 1 m such that the angle rotated by its radius is given 
by 0 =3 (t + sint). Find the net force acting on the particle when t = 7/2. 


For a particle rotating in a vertical circle with uniform speed, the maximum and minimum tension in the 
string are in the ratio 5 : 3. If the radius of vertical circle is 2m, then find the speed of revolving body. 


Two strings of length /= 0.5 m each are connected to a block of mass m =2 kg at 


one end and their ends are attached to the point A and B 0.5 m apart ona vertical 05- 

$ ‹ d t 4 T, m 0.5 
pole which rotates with a constant angular velocity œ =7 rad/sec. Find the ratio * c 03 
of tension in the upper string (T) and the lower string (T,). [Use g = 9.8 m/s?] A 


A force F = ~k(xi+ y 3 [where К is a positive constant] acts on a particle moving in the x-y plane. 


Starting from origin, the particle is taken to (a, a) and then to (a / ON 0). Find the total work done by the 
force F on the particle. 


€ Bansal Classes Particle Dynamics [11] 


Q.12 


Q.13 


Q.14 


Q.15 


Q.16 


Q.17 


Q.18 


Q.19 


Q.20 


A bead of mass m is attached to one end ofa spring of natural length ./3 В and 


$ 3+1 ; 
spring constant К == a . The other end of the spring is fixed at point A 


onasmooth fixed vertical ring of radius R as shown in the figure. What is the 
normal reaction at B just after the bead is released? 





Water is pumped from a depth of 10 m and delivered through a pipe of cross section 1072 п? upto a 
height of 10 m. Ifit is needed to deliver a volume 0.2 m? per second, find the power required. 

[Use g = 10 m/s?] 

A mass m rotating freely in a horizontal circle of radius | m опа 
frictionless smooth table supports a stationary mass 2m, attached to the 
other end of the string passing through smooth hole O in table, hanging 
vertically. Find the angular velocity of rotation. 





Consider the shown arrangement when ais bob of mass *m' is suspended by means 
ofa string connected to peg P. If the bob is given a horizontal velocity à having I 





magnitude У, Зв] , find ће minimum speed of the bob in subsequent motion. 


m 
A bead of mass m is tied at one end ofa spring of spring constant d 


R 
and unstretched length — and other end to fixed point O. The smooth 


semicircular wire frame is fixed in vertical plane. Find the normal reaction 
between bead and wire just before it reaches the lowest point. 





A particle of mass m is hanging with the help ofan elastic string of unstretched length a and force 


constant = . The other end is fixed to a peg on vertical wall. String is given an additional extension of 


2a in vertical downward direction by pulling the mass and released from rest. Find the maximum height 
reached by it during its subsequent motion above point of release. (Neglect interaction with peg if any) 


A particle of mass 1 Ері givena horizontal velocity of 4 m/s along a horizontal 
surface, with which it has a coefficient of friction (both static and kinetic) of 0.4. 


The particle strikes a fixed ideal spring of force constant 6 N/m after travelling a апа 710% 
distance of 0.25 m. Assume acceleration due to gravity is 10 m/s? Find the final [1:7],-04 | — | 
displacement ofthe particle from its starting point. le— 0.25m -—> 

A particle P of mass m is placed inside a hemispherical bowl which rotates about its vertical axis with 
constant angular velocity œ. The particle is just prevented from sliding down when the radius vector OP 
joining it to the centre of the bowl O makes an angle of 45° with the axis. The radius of the bowlis 1 04/2 
and the coefficient of friction between the particle and the bowl is 0.5. Find the value of angular velocity o. 
A point moves along a circle having a radius 20 cm with a constant tangential acceleration 


5 cm/s?. How much time is needed after motion begins for the normal acceleration of the point to be 
equal to tangential acceleration ? 
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Q.21 


Q.22 


Q.23 


(a) 
(b) 
(c) 
(d) 


Q.24 


Q.25 


0.1 


(а) 
(b) 


(c) 


0.2 


0.3 


0.4 


A body of mass 2 kg is moving under the influence of a central force whose potential energy is given by 


U (т) 22r? Joule. If the body is moving ina circular orbit of 5m,then find its energy. d 


! ; T€. P 
Aring rotates about z axis as shown in figure. The plane of rotation is xy. 


At a certain instant the acceleration ofa particle P (shown in figure) on 
the ring is [61-8 i) m/s?. find the angular acceleration of the ring & the 
angular velocity at that instant. Radius of the ring is 2m. 


A particle is revolving in a circle of radius 1m with an angular speed of 12 rad/s. At t= 0, it was 
subjected to a constant angular acceleration a and its angular speed increased to(480/n) rpm in 2 sec. 
Particle then continues to move with attained speed. Calculate 

angular acceleration of the particle, 

tangential velocity of the particle as a function of time. 

acceleration of the particle at t= 0.5 second and at t= 3 second 

angular displacement at t = 3 second. 


The member OA rotates in vertical plane about a horizontal axis through О with a 
constant counter clockwise velocity œ = 3 rad/sec. As it passes the position 9 = 0, a 
small mass m is placed upon it at a radial distance r= 0.5 m. If the mass is observed 
to slip at 0 —37?, find the coefficient of friction between the mass & the member. 





A particle P is sliding down a frictionless hemispherical bowl. It passes the point 
Aatt- 0. Atthis instant of time, the horizontal component of its velocity is v. А 
bead Q ofthe same mass as P is ejected from A att-0 along the horizontal string д B 
AB, with the speed v. Friction between the bead and the string may be neglected. P = 2 

Which bead reaches point В earlier? 


EXERCISE-H 


A particle is confined to move along the +x axis under the action ofa force F(x) . 
that is derivable from the potential U(x) =ax*—bx. 

Find the expression for F(x) 

When the total energy of the particle is zero, the particle can be trapped with in 2 

the intervalx=0 to x-x.. For this case find the values of x,. 

Determine the maximum kinetic energy that the trapped particle has in its motion. Express all answers in 
terms а апа Б. 





A particle of mass 2kg is subjected to a two dimensional conservative force given by 
Fx =—2х+2у, Ру=2х-у2. (x,y шт and Е in N) If the particle has kinetic energy of (8/3) J at point (2,3), 
find the speed of the particle when it reaches (1,2). 


A square plate is firmly atached to a frictionless horizontal plane. One end ofa taut cord 
is attached to point A of the plate and the other end is attached to a sphere of mass m. In D —à 
the process, the cord gets wrapped around the plate. The sphere is given an initial 
velocity v, on the horizontal plane perpendicular to the cord which causes it to make a 
complete circuit ofthe plate and return to point A. Find the velocity ofthe sphere when 44 
it hits point A again after moving in a circuit on the horizontal plane. Also find the time 
taken by the sphere to complete the circuit. 





A coin is placed on the horizontal surface of a rotating disc, If the disc starts from rest and is given a 
constant acceleration © = 1/N2 rad/s?, find the number of revolution through which the disc turns before 
the coin slips. The distance of coin from axis 15 1 m initially and the coefficient of friction р = 0.5. 
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(a) 
(b) 
(с) 


0.8 


0.9 


0.10 


Q.11 


0) 
(i) 


A small bead of mass m is free to slide опа fixed smooth vertical wire, as indicated 

in the diagram. One end ofa light elastic string, of unstretched length a and force 
constant 2mg/a is attached to B. The string passes through a smooth fixed ring R and 
the other end of the string is attached to the fixed point A, AR being horizontal. The ‹ 
point О on the wire is at same horizontal level as В, and АК = RO =a. 
In the equilibrium position, find OB. 

The bead B is raised to a point C ofthe wire above O, where OC =a, and is released from rest. Find the 
speed ofthe bead as it passes O, and find the greatest depth below O of the bead in the subsequent motion. 







B 


A particle of mass 5 kg is free to slide on a smooth ring of radius r= 20 cm fixed in 
a vertical plane. The particle is attached to one end of a spring whose other end is 
fixed to the top point O ofthe ring. Initially the particle is at rest at a point A ofthe 
ring such that Z OCA = 60°, C being the centre of the ring. The natural length ofthe 
spring is also equal tor = 20cm. After the particle is released and slides down the 
ring the contact force between the particle & the ring becomes zero when it reaches 
the lowest position B. Determine the force constant of the spring. 





A small block of mass m is projected horizontally from the top of the smooth 
hemisphere of radius r with speed u as shown. For values ofu > u, it does not slide 
on the hemisphere (i.e. leaves the surface at the top itself). 
For u = 2u,, it lands at point P on ground Find OP. а іс 
For u=u,/3, Find the height from the ground at which it leaves the hemisphere. 

Find its net acceleration at the instant it leaves the hemisphere. 







23922992317 


The track in Fig is straight in the horizontal section AB and is a semicircle of 


radius R in the vertical part BCD. A particle of mass m is given a velocity of D 
4 (22gR)/5 to the left along the track. The particle moves up the vertical section Ns 
and ultimately loses contact with it. How far from point B will the mass land. B A 


A small particle of mass 1 kg slides without friction from height 
H=45 cm shown in figure and then loops the vertical loop of radius R from 
where a section of angle Ө = 60° has been removed. Find В. such that after 
losing contact at A and flying through the air, the particle will reach at the 
point B. Also find the normal reaction between particle and path at A. 





Aring of mass m slides on a smooth vertical rod. A light string is attached to the ring 
andis passing over a smooth peg distant a from the rod, and at the other end ofthe 
string isa mass М (> m). The ring is held on a level with the peg and released : 
Show that it first comes to rest after falling a distance: 

2mMa 


M?-m? 


Ablock ofmass m is held at rest ona smooth horizontal floor. А light frictionless, 
small pulley is fixed at a height of 6 m from the floor. A light inextensible string 
of length 16 m, connected with A passes over the pulley and another identical 
block B is hung from the string. Initial height of B is 5m from the floor as 
shown in Fig. When the system is released from rest, B starts to move vertically 
downwards and A slides on the floor towards right. 

Ifat an instant string makes an angle Ө with horizontal, calculate relation between velocity и ofA and v of B. 
Calculate v when B strikes the floor. 
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Q.12 


Q.13 


(a) 
(b) 


Q.14 


Q.15 


0.16 


0.1 


(i) 
(i) 
Q2 


(0) 


Asmall block can move ina straight horizontal linea along AB. Flash lights from “= 
one side projects its shadow on a vertical wall which has horizontal cross section a —» 
as acircle. Find tangential & normal acceleration of shadow of the block onthe ^V ^ | ss 
wall asa function oftime ifthe velocity ofthe block is constant (v). — 1,1 

Top View 


In fig two identical springs, each with a relaxed length of 50cm and a spring constant of Е 
500N/m, are connected by a short cord of length 10cm. The upper string is attached to 

the ceiling, a box that weighs 100N hangs from the lower spring. Two additional cords, 

each 85cm long, are also tied to the assembly; they are limp (i.e. slack). 

If the short cord is cut, so that the box then hangs from the springs and the two longer cords, does the 
box move up or down? 

How far does the box move before coming to rest again? 


ГЕ 


The small pendulum of mass m is suspended from a trolley that runs on a horizontal 
rail. The trolley and pendulum are initially at rest with Ө =0. Ifthe trolley is given 
a constant acceleration a= g determine the maximum angle O „through which 
the pendulum swings. Also find the tension T in the cord in terms of 0. 





A weightless rod of length / with a small load of mass m at the end is hinged at point А 
as shown in the figure and occupies a strictly vertical position, touching a body of mass T 
М. light jerk sets the system in motion. For what mass ratio M/m will the rod form an C) 

angle a = 7/6 with the horizontal at the moment of the separation from the body? М 
What will be the velocity u of the body at this moment? Friction should be neglected. 


The blocks are of mass 2 kg shown is in equilibrium. At t = O.right spring in fig (i) and right string in 
fig (ii) breaks. Find the ratio of instantaneous acceleration of blocks? 





2kg 2kg 
figure (i) figure (ii) 
EXERCISE-III 


A smooth semicircular wire track of radius R is fixed in a vertical plane. One end of 
a massless spring of natural length (3R/4) is attached to the lowest point O ofthe 
wire track. A small ring of mass m, which can slide on the track, is attached to the 
other end ofthe spring. The ring is held stationary at point P such that the spring 
makes an angle of 60° with the vertical. The spring constant K = mg/R. Consider the 
instant when the ring is released and 

draw the free body diagram ofthe ring. 

determine the tangential acceleration ofthe ring and the normal reaction. [JEE 96] 





Two blocks of mass m,=10kg and m,=5kg connected to each other by a massless inextensible string of 
length 0.3m are placed along a diameter ofa turn table. The coefficient of friction between the table and 
m, is 0.5 while there is no friction between m, and the table. The table is rotating with an angular velocity 
of 10rad/sec about a vertical axis passing through its centre. The masses are placed along the diameter 
of the table on either side of the centre О such that m, is at a distance of 0.124m from О. The masses are 
observed to be at rest with respect to an observer on the turn table. 

Calculate the frictional force on m, 


(i) What should be the minimum angular speed of the turn table so that the masses will slip from this position. 
(ш) How should the masses be placed with the string remaining taut, so that there is no frictional force acting 


on the mass m,. [JEE 97] 
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Q.10 





A small block of mass m slides along a smooth frictional р 
track as shown in the fig. (1) If it starts from rest at P, what 
is is the resultant force acting on it at Q? (ii) At what height 
above the bottom of the loop should the block be released 
so that the force it exerts against the track at the top ofthe 
loop equals its weight. [REE 97] -<-----------Ш-----2--4 





‚ At rest 





CA 
eer 


<= = = 


A force Е--К(у De xj) where K is a positive constant, acts ona particle moving in the x-y plane. 
Starting from the origin, the particle is taken along the positive x-axis to the point (a,0) and then parallel 
to the y-axis to the pint (a,a). The total work done by the force Е ontheparticleis [JEE 98] 

(A) -2K2? (В) 2Ка? (C) – Ка? (D) Ка? 

A stone is tied to a string of length / is whirled in a vertical circle with the other end of the string at the 


centre. At a certain instant of time, the stone is at its lowest position and has a speed и. The magnitude of 
the change in its velocity at it reaches a position where the string is horizontal is [JEE98] 


(A) J(u? -2g) (в) 22 (C) J(u? — gl) (D) J2? — gl) 

A particle is suspended vertically from a point O by an inextensible massless ч 
string of length L. A vertical line AB is at a distance L/8 from О as shown. © i 
The object given a horizontal velocity u. At some point, its motion ceases |08 | 
to be circular and eventually the object passes through the line AB. At the І | 
instant of crossing AB, its velocity is horizontal. Findu. [JEE'99, 10] i : | 5 


A long horizontal rod has a bead which can slide along its length, and initially placed at a distance L from 
one end of A of the rod. The rod is set in angular motion about A with constant angular acceleration a. If 
the coefficient of friction between the rod and the bead is u and gravity is neglected, then the time after 


which the bead starts slipping is [JEE'2000] 
(A) z (B 4 (C ы Р) infinitesimal 
a Arad DUE Ja (D)infinitesi 


A small block is shot into each of the four tracks as shown below. Each of the tracks risks to the same 
height. The speed with which the block enters the track is the same in all cases. At the highest point ofthe 
track, the normal reaction is maximum in [JEE(Scr)'2001] 


Qe RE ETC т. MEN 


An insect crawls up a hemispherical surface very slowly (see the figure). The 


coefficient of friction between the insect and the surface is 1/3. If the line joining f ] 
the centre of the hemispherical surface to the insect makes an angle o with the {A 
vertical, the maximum possible value ofæ is givenby — [JEE(Scr.) 2001] 

(A) cot a = 3 (B)tana =3 (С) sec a = 3 (D) созес a = 3 


A small ball of mass 2x10? Kg having a charge of 1 uc is suspended by a string of length 0.8m. Another 
identical ball having the same charge is kept at the point of suspension. Determine the minimum horizontal 
velocity which should be imparted to the lower ball so that it can make complete revolution. [JEE’2001] 
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Q.11 A simple pendulum is oscillating without damping. When the displacement of the bob is less that maximum, 
its acceleration vector a is correctly shown in [JEE (Scr.)2002] 


” Ж” . ГГА 
> э“ ? / 
(А) Sie (B) (C) AN 69-7 
222 Е: а.- 2 


0.12 A particle, which is constrained to move along the x-axis, is subjected to a force in the same direction 
which varies with the distance x of the particle x of the particle from the origin as 
F(x) =—kx + ах?. Here К and a are positive constants. For x > 0, the functional form of the potential 
energy U (x) of the particle is [JEE (Scr.)’2002] 


U(x) U(x) О(х)4 U(x) 
A) iri (B) iita. (C) ӨРЕ” (D) JENI 


Q.13 An ideal spring with spring-constant k is hung from the ceiling and a block of mass M is attached to its 
lower end. The mass is released with the spring initially unstretched. Then the maximum extension in the 
spring is [JEE (Scr.) 2002] 
(A) 4 Mg/k (B) 2 Mg/k (C) Mg/k (D) Mg/2k 


Q.14 Aspherical ball of mass m is kept at the highest point in the space between two 
fixed, concentric spheres A and B (see figure). The smaller sphere A has a radius R 
and the space between the two spheres has a width d. The ball has a diameter very 
slightly less than d. All surfaces are frictionless. The ball is given a gentle push 
(towards the right in the figure). The angle made by the radius vector ofthe ball with ~ Sphere A 
the upward vertical is denoted by Ө (shown in the figure). [JEE' 2002] 

(a) Express the total normal reaction force exerted by the spheres on the ball as a function of angle 8. 
(b) Let N, and М, denote the magnitudes of the normal reaction force on the ball exerted by the spheres А 
and B, respectively. Sketch the variations of N, and N, as functions of cos0 in the range 0 < 0 < x by 


A B 
drawing two separate graphs in your answer book, taking со$Ө on the horizontal axes. 


e Sphere В 
[2 


0.15 Inaregionofonly gravitational field of mass 'M' a particle is shifted 
from A to B via three different paths in the figure. The work done in 
different paths are W,, W^, W, respectively then [JEE (Scr.)’2003] 
(A) W,=W,=W, (В) W,=W,> W, 
(С) W> М, > W, (DW, < \, < \, 


0.16 A particle ofmass m, moving ina circular path of radius В with a constant 
speed v, is located at point (2R, 0) at time t = 0 and a man starts 
moving with a velocity v, along the +ve y-axis from origin at time t= 0. 
Calculate the linear momentum of the particle w.r.t. the man as a function 
oftime. [JEE' 2003] 





Q.17 A particle is placed at the origin and a force F = kx is acting on it (where К is a positive constant). If 
U(0) =0, the graph of U(x) versus x will be (where U is the potential energy function) 


U(x) U(x) U(x) U(x) 
(A) / | x d SL «АМ. oe 


[JEE' 2004(Scr)] 
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CENTRE OF MASS MOMENTUM & COLLISION 


The action of force with respect to time is defined in terms of Impulse, that is, 


F 
1= {Fat = mv,— mv, =Ap AA 


О 
Graphically, impulse is the 
area under the F-t graph 


In the absence of a net external force, the momentum of a system is conserved. 


; dP {| 
i.e. EE p xa 
P= Pj Wooo + ру = constant 
1. Collision is a kind of interaction between two or more bodies which come in contact with each other for 
a very short time interval. 
2: Types of collision: Elastic and Inelastic 
Collisions may be either elastic or inelastic. Linear momentum is conserved in both cases. 
(i) A perfectly elastic collision is defined as one in which the total kinetic energy of the system is conserved. 
(1) In ап inelastic collision, the total kinetic energy of the system changes. 


(1) . Inacompletely inelastic collision, the two bodies couple or stick togehter. 


Sh Coefficient of Restitution : It is defined as the ratio ofthe velocity of separation to the velocity of 
approach ofthe two colliding bodies. 


rel. velocity of separation 


eT tel velocity of approach 


For a perfectly elastic collision, e = 1 

For an inelastic collision, 0 <е< 1 

For completely inelastic collision, е = 0 

Note that the velocity ofapproach and the velocity of separation are always taken along the normal to 


the striking surface. 
CENTRE OF MASS 
1. Discrete System : The position vector of the centre of mass is 
тіп + 1012г +......... “тат 
қ” 2 тап om mg 





where Ñ, 5, ,..., r, are the position vectors of masses т, m,, ..... m, respectively. 
The components of the position vector of centre of mass are defined as 


ж mix; 5 Уу пу Es > mz, 
rope y Wa Ex 1) 
2. Continuous system : The centre of mass ofa continuous body is defined as 

ы 1 
i = М [| rdm 

In the component form 

1 1 1 

= «т хат; y= үт уйт; z,7 д јат 





€ Bansal Classes Particle Dynamics Пё] 


(i) 


Gi) 


iv) 


(У) 


(vi) 


(iv) 


Centre of Mass of Some Common Systems : 
e—a 


A system oftwo point masses. meem. As 
Е : poems sexta 
The centre of mass lie closer to the heavier mass. mL mL 


түні 1+7 





A circular cone 
h 

У 4 

A semi-circular ring 
2R 

Jv zc т 0 


A semi-circular disc 


y^ 
4R i 

Ус 3 З ? X. = 0 rat Room 
v^ 


A hemispherical shell yt 
R p 
Ус 2 2 > X. = 0 Уст $. Bir 
у? 
A solid hemisphere : 
3R Уст Y À 
а P&CO | бы. 


Motion of the centre of mass : 
Velocity : The instantaneous velocity of the centre of mass is defined as 


£ У miv; 
We Rie. 


Acceleration : The acceleration of the centre of mass is defined as 





Momentum : The total momentum of a system of particles is 
р= Му, 
Kinetic Energy : The kinetic energy ofa system of particles consisits of two parts. 
К=К +R’ 
с 


/ Leg es . $e: 
where K, = 5 Mv; . kinetic energy due to motion of c.m. relative to the fixed origin О, 


2 


1 
and КЮ- > 2 т jV? , kinetic energy ofthe particles relative to the c.m. 


Note that the term K’ may involve translational, rotational or vibrational energies relative to the centre of 


mass. 


Newon’s Laws of a system of particles : The first and second laws of motion for a system of particles 


are modified as : 


First law : The centre of mass of an isolated system is at rest or moves with constant velocity. 
Second law : The net external force acting on a system oftotal of mass M is related to the acceleration 


of centre of mass ofthe system. | 
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(CENTRE OF MASS MOMENTUM. & COLLISION) 
EXERCISE-I 


A hemisphere of radius R and of mass 4m is free to slide with its base on a smooth 
horizontal table. A particle of mass m is placed on the top of the hemisphere. Find 
the angular velocity of the particle relative to hemisphere at an angular displacement 
Ө when velocity of hemisphere has become v. 





А man whose mass is m kg jumps vertically into air from a sitting position in which his centre of mass is 
at a height h, from the ground. When his feet are just about to leave the ground his centre of mass is h, 
from the ground and finally rises to h, when he is at the top of the jump. (a) What is the average upward 
force exerted by the ground on him? (b) Find work done by normal reaction from ground. 


In the figure shown, each tiny ball has mass m, and the string has length L. One of 
the ball is imparted a velocity u, in the position shown, in which the initial distance 


between the balls is L/ Al 3 . The motion of ball occurs on smooth horizontal plane. 
Find the impulse ofthe tension in the string when it becomes taut . 





Two trolleys A and B are free to move ona level frictionless track, and are initially stationary. A man on 
trolley A throws а bag of mass 10 kg with a horizontal velocity of 4 m/s with respect to himself on to 
trolley B of mass 100 kg. The combined mass of trolley A (excluding bag) and the man is 140 kg. Find 
the ratio of velocities oftrolleys A and B, just after the bag lands on trolley B. 


A bob of mass m attached with a string of length / tied to a point on ceiling is released from a position 
when its string is horizontal. At the bottom most point of its motion, an identical mass m gently stuck to 
it. Find the angle from the vertical to which it rises. 


Two balls of equal masses are projected upward simultaneously, one from the ground with speed 
50 m/sand other from a 40 m high tower with initial speed 30 m/s. Find the maximum height attained by 
their centre of mass. 


3 blocks of mass 1kg each kept on horizontal smooth ground are Гв | 
connected by 2 taut strings of length / as shown. В is pulled with constant 
acceleration a, in direction shown. Find the relative velocity of A & C 


just before striking. а, 


Find the distance of centre of mass from О ofa composite solid cone and solid 
cylinder made of same material. h 


Two blocks of mass 3 kg and 6 kg respectively are placed on a smooth horizontal 
surface. They are connected by a light spring. Initially the spring is unstretched 


and the velocity of 2 m/s is imparted to 3 kg block as shown. Find the maximum &= 
velocity of 6 kg block during subsequent motion. a a 


Two planks each of mass m and length Lare connected by a frictionless, massless 
hinge as shown in the figure. Initially the system is at rest on a level frictionless 


surface. The vertical plank falls anticlockwise and finaly comes to rest on the 
top of the horizontal plank. Find the displacement of the hinge till the two planks 


come in contac‘. 
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0.18 


0.19 


0.20 
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2 bodies m, & m, of mass 1 and 2 kg respectively are moving along x-axis under хіп т) 
the influence of mutual force only. The velocity of their centre of mass at a given 
instant is 2 m/s. The x coordinate of m, is plotted against time. Then plot the x | 
coordinate of m, against time. (Both are initially located at origin) : 





2 t(in sec) 


Two masses, nm and m, start simultaneously from the intersection of two straight 
lines with velocities v and nv respectively. It is observed that the path of their 
centre of mass is a straight line bisecting the angle between the given straight 
lines. Find the magnitude of the velocity of centre of inertia. Ae 
(here Ө = angle between the lines) о 





Two blocks of equal masses m аге released from the top ofa smooth fixed 
wedge as shown in the figure. Find the magnitude of the acceleration of the 9» 
centre of mass of the two blocks. зо aia! 


From a uniform circular disc of radius R, a square is cut out with radius R as its 
diagonal. Find the centre of mass of remainder is at a distance.(from the centre) 


A sphere of mass m, in motion hits directly another sphere of mass m, at rest and sticks to it, the total 


kinetic energy after collision is 2/3 oftheir total К.Е. before collision. Find the ratio of m, : т. 


Two bodies of same mass tied with an inelastic string of length / lie together. One of them is projected 


vertically upwards with velocity y бр] . Find the maximum height up to which the centre of mass of 
system of the two masses rises. 


Disc A of mass m collides with stationary disk B of mass 2m as shown in 
figure. Find the value of coefficient of restitution for which the two disks 
move in perpendicular direction after collision. 


A force time (F —t) graph for linear motion is shown in the following 
figure. The segments shown are circular. Find the linear momentum gained 
between 4 and 8 second.(Assume S.I. units) 





A platform of mass m and a counter weight of mass (m + M) are connected by a light cord which passes 
over a smooth pulley. A man of mass М is standing on the platform which is at rest. If the man leaps 
vertically upwards with velocity u, find the distance through which the platform will descend. Show that 
when the man meets the platform again both are in their original positions. 


The figure shows the positions and velocities of two particles. If the 5m/s 3m/s 
particles move under the mutual attraction of each other, then find the 1% < 
х-2тп х=ӧт 


position of centre of mass att= 1 5. 


After scaling a wall of 3 m height a man of weight W drops himself to the ground. If his body comes to 
a complete stop 0.15 sec. After his feet touch the ground, calculate the average impulsive force in the 
vertical direction exerted by ground on his feet. (р = 9.8 m/s?) 


A heavy ball of mass 2m moving with a velocity u, collides elastically 


2m a 3 
head-on with a cradle of three identical balls each of mass m as shown Up и. 
in figure. Determine the velocity of each ball after collision. (mm) (m) 
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ЕХЕЕСІЗЕ-П 


A billiard table is 15 cm by 20 cm. A smooth ball of coefficient of restitution е = 4/9 is projected from а 
point on the shorter side so as to describe a rectangle and return to the point of projection after rebounding 
at each of the other three cushions. Find the position of the point and the direction of projection. 


Ina game of Carom Board, the Queen (a wooden disc of radius 2 cm and mass 50 
gm) is placed at the exact center of the horizontal board. The striker is asmooth 
plastic disc of radius 3 cm and mass 100 gm. The board is frictionless. The striker is 
given an initial velocity ‘u’ parallel to the sides BC or AD so that it hits the Queen 
inelastically with coefficient of restitution =2/3. The impact parameter for the collision 
is ‘d’ (shown in the figure). The Queen rebounds from the edge AB of the board 
inelastically with same coefficient of restitution = 2/3 and enters the hole D following 
the dotted path shown. The side of the board is L. 

Find the value of impact parameter “d’ and the time which the Queen takes to enter hole D after collision 
with the striker. 

Two particles each of mass m are connected by a light inextensible string and a particle of mass M is 
attached to the midpoint of the string. The system is at rest on a smooth horizontal table with the string 
just taut and in a straight line. The particle M is given a velocity V along the table perpendicular to the 
string. Prove that when the two end particles are about to collide: 





| кек ees 
the velocity of М is (М--2т) 

42M(M +m) | 
the speed of each of the other particles is |” (M+ 2m) М 


The Atwood machine in fig has a third mass attached to it by a limp string. After being 
released, the 2m mass falls a distance x before the limp string becomes taut. Thereafter 
both the mass on the left rise at the same speed. What is the final speed ? Assume that 
pulley is ideal. 





Two scale pans, each of mass m, are connected by a light inelastic string which passes over a small 
smooth fixed light pulley. On one scale pan there is an inelastic particle A of mass 2m. The system is 
released from rest with the hanging parts of the string vertical. Find the tension in the string and the 
acceleration of either scale pan. At the instant when motion begins, a particle of mass 3m is allowed tr 
fall from rest and after t seconds it strikes, and adheres to, A. Find the impulsive tension in the string and 
the velocity of either scale pan immediately after the impact. 


Three spheres, each of mass m, can slide freely on a frictionless, horizontal surface. 
Spheres A and В are attached to an inextensible inelastic cord oflength/andare С 
at rest in the position shown when sphere B is struck directly by sphere C which 

is moving to the right with a velocity у. Knowing that the cord is taut when 
sphere B is struck by sphere C and assuming perfectly elastic impact between B 

and C, determine the velocity of each sphere immediately after impact. 





A wedge of mass M=2m rests on a smooth horizontal plane. A small block of 

mass m rests over it at left end A as shown in figure. A sharp impulse is 

applied on the block, due to which it starts moving to the right with velocity B 
v,—6ms 1. Athighest point of its trajectory, the block collides with a particle | 


1 1 'ü 20 
of same mass m moving vertically downwards with velocity у=2 ms“! and " 7% cm 
gets stuck with it. Ifthe combined body lands at the end point Aof body of 4 | ss 


mass M, calculate length /. Neglect friction (g=10 ms?) 


= 
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A ball of mass = 1Кр is hung vertically by a thread of length /= 1.50 m. Upper 
end of the thread is attached to the ceiling ofa trolley of mass М = 4 kg. Initially, 
trolley is stationary and it is free to move along horizontal rails without friction. A 
shell ofmass m= 1 kg moving horizontally with velocity v, = 61157! collides with 
the ball and gets stuck with it. As a result, thread starts to deflect towards right. 
Calculate its maximum deflection with the vertical. (g= 10m s?) 


A 70g ball B droped from a height h, = 9 m reaches a height 
h, = 0.25m after bouncing twice from identical 210g plates. QE 
Plate A rests directly on hard ground, while plate C rests on a - 
foam-rubber mat. Determine 

the coefficient of resitution between the ball and the plates, 
the height h, ofthe ball’s first bounce. 









с М 1 


А sphere of mass m is moving with a velocity 4i — 1 when it hits a smooth wall and rebounds with velocity 


1-31. Find the impulse it receives. Find also the coefficient of restitution between the sphere and the wall. 


A sphere A is of mass m and another sphere B of identical size but of mass 2m, move towards each 
other with velocity 1+2} and -1--3) respectively. They collide when their line of centre is parallel to 


i— j- Ife= 1/2, find the velocities of A and B after impact. 

A ball of mass m = 1 kg falling vertically with a velocity v, =2 m/s strikes a wedge 

of mass M = 2kg kept on a smooth, horizontal surface as shown in figure. The 1 5 
coefficient of restitution between the ball and the wedge is е = 1/2. Find the velocity a 
of the wedge and the ball immediately after collision. 


A cannon is fixed ona plank of mass n1, which is kept on smooth horizontal 
surface. On smooth surface of plank, amass m, is kept as shown above. If 
shells of mass m each are fired from canon at the rate of N per second with 
velocity u relative to m,, and the mass of shell is << mass m, find velocity of 
m, & m, as function of time. 


А chain of length / and m lies ina pile on the floor. It its end А is raised 
vertically at a constant speed v,, express іп terms of the length y of 
chain which is off the floor at any given instant. 

the magnitude of the force P applied to end A. 

the reaction of the floor. (с) energy lost during the lifting of the chain. 


Two blocks A and B of masses m and 2m respectively are connected 
by a spring of force constant К. The masses are moving to the right with 
uniform velocity v each, the heavier mass leading the lighter one. The 
spring in between them is of natural length during the motion. Block B * C 


collides with a third block C ofmass m, at rest. The collision being K = үэ 
completely inelastic. Calculate the maximum compression of the spring. 





: Two towers AB and CD are situated a distance d apart as shown in fig. 


AB is 20 m high and CD is 30 m high from the ground. An object of mass 
m is thrown from the top of AB horizontally with a velocity 10 m/s towards 
CD. Simultaneously another object of mass 2m is thrown from the top of 
CDatanangle of 60° to the horizontal towards AB with the same magnitude 
of initial velocity as that ofthe first object. The two objects move in the 
same vertical plane, collide in mid air and stick to each other (a) Calculate 
the distance d between the towers and (b) find the position where the 
objects hit the ground? 
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EXERCISE-1II 


A set of n-identical cubical blocks lie at rest parallel to each other along a line on a smooth horizontal 
surface. The separation between the near surfaces of any two adjacent blocks is L. The block at one end 
is given a speed V towards the next one at time += 0. All colisions are completely inelastic, then 

(i) the last block starts moving at t = n(n —1)L/(2v) 

(ii) the last block starts moving at t= (n -1)L/v 

(iii) the centre of mass of the system will have a final speed v/n 

(iv) the centre of mass of the system will have a final speed v. [IIT 95] 


A small bucket of mass M (=107kg) is attached to a long cord of length L (= 5 х 10?m). The bucket is 
released from rest when the cord is in a horizontal position. In its lowest position the bucket scoops up 
m(-10^?kg) of water, what is the height of the swing above the lowest position [REE 95] 


A small sphere of radius R is held against the inner surface ofa larger 
sphere of radius 6R. The masses of large and small spheres are 4M and 
Mrespectively. This arrangement is placed on a horizontal table. There 
is no friction between any surfaces of contact. The small sphere is now 
released. Find the coordinates of the centre of the large sphere when 
the smaller sphere reaches the other extreme position. [IIT 96] 





A body of mass 5kg moves along the x axis with a velocity 2m/s. A second body of mass 10kg moves 


along ће y axis with a velocity 3 m/s. They collide at the origin and stick together. Calculate 
the final velocity of the combined mass after collision 
the amount of heat liberated in the collision. [REE 96] 


An isolated particle of mass m is moving in a horizontal plane (x-y) along the x-axis at a certain height 
above the ground. It suddenly explodes into two fragments of masses m/4 and 3m/4. An instant later the 
smaller fragment is at y =+ 15 cm. The larger fragment at thisinstantisat — . [IIT 97] 

(А) у=- 5ст (B) у= + 20cm (C) y = + 5cm (0) у= – 20ст 


А cart is moving along +x direction with a velocity of 4m/s. A person in the cart throws а stone with а 
velocity of 6m/s relative to himself. In the frame of reference of the cart the stone is thrown in y-z plane 
making an angle of 30° with the vertical z-axis. At the highest point of its trajectory, the stone hits an 
object of equal mass hung vertically from branch ofa tree by means of a string of length L. A completely 
inelastic collision occurs, in which the stone gets embedded in the object. Determine 

the speed of the combined mass immediately after the collision with respect to an observer on the ground. 
the length L of the string such that the tension in the string becomes zero when the string becomes 
horizontal during the subsequent motion of the combined mass. [IIT 97] 


A particle of mass m and velocity v collides elastically and obliquely with a stationary particle of mass m. 
Calculate the angle between the velocity vectors of the two particles after the collision. [REE 97] 


Two blocks of mass 2kg and M are at rest on an indiclined plane and 
are separated by a distance of 6.0m as shown. The coefficient of friction 
between each of the blocks and the inclined plane is 0.25. The 2kg 
block is given a velocity of 10.0m/s up the inclined plane. It collides 
with M, comes back and has a velocity of 1.0m/s when it reaches its 
initial position. The other block M after the collision moves 0.5m up and 29 
comes to rest. Calculate the coefficient of restitution between the blocks and the mass of the block M. 
[Take sin ~ їалӨ = 0.05 and g = 10m/s?] [IIT 99] 
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Two trolleys А and B of equal masses M are moving in oppsite directions with velocities y and - y 
respectively on separate horizontal frictionless parallel tracks. When they start crossing each other, a 
ball of mass m is thrown from B to A and another of same mass is thrown from A to B with velocities 
normal to y . The balls may be thrown in following two ways: 

balls from A to B and B to A are thrown simultaneously. 

ball is thrown from A to B after the ball thrown from B reaches А. 

Which procedure would lead to a larger change in the velocities ofthe trolleys? [REE 2000] 


A wind-powered generator converts wind energy into electrical energy. Assume that the generator 


` converts a fixed fraction of the wind energy intercepted by its blades into electrical energy. For wind 


speed v, the electrical power output will be proportional to: [IIT (Scr) 2000] 
(A) v (В) у? (С) v? (D) v 


Two particles of masses m, and m, in projectile motion have velocities v, and у, respectively at time 


t— 0. They collide at time t,. Their velocities become 7 апа у, at time 2t, while still moving in air. The 


value of (5,9, +m,¥, )- (m,v,  m,v, Jlis [IIT (Scr) 2001] 
(A) zero (B) (m, + m,)gt, (C) 2(m, + m,)gt, (D) (т, + m,)gt, 


A car P is moving with a uniform speed of 5(3!”) m/s towards a carriage of 
mass 9 Kg at rest kept on the rails at a point B as shown in fig. The height AC 
is 120 m. Cannon balls of 1 Kg are fired from the car with an initial velocity 
100 m/s at an angle 30° with the horizontal. The first canon ball hits the stationary 
carriage after a time t, and sticks to it. Determine t,. At t,, the second cannon 


ball is fired. Assume that the resistive force between the rails and the carriage -— 0” 

is constant and ignore the vertical motion of the carriage throughout. Ifthe -F À 

second ball also hits and sticks to the carriage. What will be the horizontal P E^ 
velocity ofthe carriage just after the second impact? [IIT 2001] A В 


Two block of masses 10 kg and 4 kg are connected by a spring of negligible mass and placed ona 
frictionless horizontal surface. An impulse gives a velocity of 14 m/s to the heavier block in the direction 
ofthe lighter block. The velocity ofthe centre of mass is : [IIT (Scr) 2002] 

(A) 30 m/s (B) 20 m/s (C) 10 m/s (D) 5 m/s 
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(NEWTONS LAW FORCE & FRICTION) 





EXERCISE - I | 
Q.1 contact force between the block and the belt is 10.5 N Q.2 35 kg | 
3 306М3, 4.7 m/s? | 
1 
Q.4 2sec Q.5. хұ>х,>х,Х,:Х,:х,:15:1810 0.6 deu | 
(Qu. bsec | 
100 m, -2m; 
Q.8 -- Ntowardsleft 09 1Ке Q.10 3N Q.11 TNT g 
3 262 
0.12 12N 
Q.13 7.5 ms”? 0.14 10/3kg Q.15 300 N Q.16 55 
4 3 
008 S Q.18 2sec Q.19 3 sec Q0 = 
; 1 а 1 
0.21 40М 0.22 tan! ЕЗ 0:230 O24 1/⁄2sec О.25 5ес and 4m 


EXERCISE — П i 


E тіп 0cosO Я 3 - | 
айп m eos? 0+M Q. 25) 
ОЗ “За 108/25. a= 95/25 , N = 12mg/25 


0.1 (aja=gcotd, (b) u 


= 
Q.4 (a) a,——7——a8,; а,=0; T=mg/2; (b) a, =2gf, а,-2р, 2,70; T=0; (са, а= g/21, a. =g}, te Ë. T=2mg 
Q.5 2e 
15x300 25 


т ой =. сие 2 
Об T= 32 N, a= 39 m/s? 07 (an >; (b) acceleration 4 m/s 


2! 





a 


d 


Q.8 (ау2ш phi (b)22.5 mis ; (9 a (d) J5 sec 





3 


09 (а) фа =а, 73.2 m/s’, (ii) a, = 5.75 m/s , a, = 2m/s? ; (b) a, = 5 m/s? ‚а, = —10/3 m/s? 


0.10 -()90N.(1)112.5N(iii)1 50N ОЛ u =0.4, u =0.3 
mgcota тел 
0.12 = дк > 190 Q.13 PE X ue) 
EXERCISE — Ш 
Q.1 B 0.2 (1) zero, (11) can’t be determined, (iii) can’t be determined Q.3 B 
0.4 (Ба= 3/5 m/s*, T= 18 М, F=60N 0.5 С 0.60 0.7 А 
0.8 11.313 т 
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(CIRCULAR MOTION & WORK POWER ENERGY) 








EXERCISE — I 
1 sinO 5 
0.1 uz | Q.2 15V3 к 03 2110 ӨЛ 19 
2h 2 
2/2 у? 2т.2 2 1 
А 18 ата) 2 
0.5 ZR Q.6 cd Өлкө шу 0.8 94/10 m/s 
Q.9 4/5 m/s 010 9 Qu 5622/4 9.12 (1-43/2)mg 
г а. 1 {ef 
0.13 80kW 014 |2: rads 0.15 if 0.16 6mg 
7 1 
0.17 9а/2 0.18 p™ 0.19 48 rad/s Q.20 2sec 
Q21 625] 0.22 -—3k rad/s?, — 2k rad/s 


0.23 (a)2rad/s?; (b) 1242t fort «2s, 16 for 1> 25, (c) 4/28565 = 169, 256 m/s? (d) 44 rad 


Q.24 0.1875 Q.25 P 
EXERCISE – П 


Q.1 =—3ax?+b - КЕ 2p [b 
Л —3ax TX F TN 348 Va 


1 7 
04 No уе т 


а — 
Q5 05,00 2./ag , 2a 


0.2 2m/s 0.3 у= vg, 5na/v, 


" 19r . 
0.6 S500Nm: 0.7 (a) 2/3 ®в= =, Ok 08 1198 0.9 R=0.2m, 10N 


pee аа Е оа К. 
d. OR ee 012 аб ов Ыру, 57 QRt-vy? 


: 25 
Q.13 up, 10cm 0.14 6. =n/2, T=mg(3sin0+3cos0-2) 0.15 4, /р//8 0.16 24 
EXERCISE = Ш 





ДӘУ, a=5V3 g/8, N-3mg/8 0.2 (1) 36N, (ii) 11.66rad/sec ,(11) 0.1m, 0.2m 


г 1А | [348 | | 
0.3 F=8megi-mgj,h=3R 0.4 С 0.5 D 0.6 А = 2 Q.7 А 


08 А 059 А 010 5.79m/s оляс 020 0913 B 
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0.14 (a) N-3mg cos0 — 2mg, (b) Q.15 А 


cos0 





cos8— 2/3 cos0-1 COST cos6— 2/3 


016 Py, =mVpy =—mv, sinoti +m(v, cosot - vj) j 0.17 A 


(CENTRE OF MASS & MOMENTUM) 
EXERCISE – T 


Sv mg(h, — [mu 73] 








0.1 КОДО Q.2 Ет (b) 0 0.3 1 0.4 11/14 
Sh 

0.5 cos"! (3/4) Q.6 100m 07 227 98 12 Q9 43 

10 LA 11 1; 2лусо5(0/2) 13 M oe 152:1 

0. 0. 0. Т СЕ ice Ro 





< 








1 Ма“. 
016 1 0.17 2 0.18 +2nN-s 0.19 2e(M+2m) Q.20 x=6m 
_ Uo 40 w^ _ 40, _ 40; 
9.21 6.21 W 022 Уш, ball 27 “first ball 37 * Ysecond ball ~ Q > “third ball” 3 


EXERCISE -TI 
0.1 x=3 units, tan = 2/3 











x | 3mg g 3mgt 5 
Q2 5/17 cm,153L/80u 0.4 [8X Quo ВЕН 
ү 8 2 274400 
bi У JA 4 
о.б мы Sue c VEDO 0 s oru 
15 15 15 
ту" 9 
Q.7 40cm 0.8 379 09  (a)0.66,(b)4m Q.10 impulse = m(-3i 4j) e= 1 
1 ^ 1 2 E» (m,-m;) 
Q.11 5+7) is 1-9) 0.12 v= x m/s, ve 45 m/s Q.13 vui Cnt 
m mv 
Q.14 О |, muy Q.15 үш Q.16 (i) 1073, Gi) 11.54 from AB 


EXERCISE – Ш 








Q.1 0 (ii) Q2 413х10% 03 (L-2R,0 04 4/3m/s, 35/37 
0.5 0.6 25m,0,319m ОЛ 90 
5 3 26 
0.8 = a Мека. 09 meer. 010 С ОПИС 
0.12 Pm" 0.13 C 
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QUESTION FOR SHORT ANSWER 


Fluorescent light bulbs are usually more efficient light emitters than incandescent bulbs. That is, for the 
same input energy, the fluorescent bulb gives off more light than the incandescent bulb. Carefully touch a 
fluorescent bulb and in an incandescent one after each has been lit for a few minutes. Explain why the 
incandesent bulb is a less efficient light emitter. 


Birds perch on high tension wires all the time. Why are they not electrocuted, even when they perch on 
a part of the wire where the insulation has worn off? 


Explain why touching an exposed circuit wire when you are ina damp basement is much more dangerous 
than touching the same wire when you are on the second floor. 


Initiallly, a single resistor R, is wired to a battery. Then resistor R, is added in parallel. Are (a) the 
potential difference across R, and (b) the current 1. through R, now more than, less than, or the same as 
previously? (c) Is the equivalent resistance R,, of R, and R, more than, less than, or equal to R,? (d) Is 
the total current through R, and R, together more than, less than, or equal to the current through R 
previously? 


A current enters the top of a copper sphere of radius R and leaves through the diametrically opposite 
point. are all parts equally effective in dissipating joule heat? 


How can an electric heater designed for 220 V be adopted for 110 V without changing the length of the 
coil and also without a change in the consumed power? 


The brilliance of lamps in aroom noticeably drops as soon as a high power electric iron is switched on 
and after a short interval, the bulbs regain their original brilliance. Explain. 


Consider a circuit containing an ideal battery connected to a resistor. Do “work done by the battery" and 
“ the thermal energy developed" represent two names of the same physical quantity? 


A current is passed through а steel wire which gets heated to a dull red. then half the wire is immersed in 
cold water. The portion out ofthe water becomes brighter. Why? 


A non ideal battery is connected to a resistor. Is work done by the battery equal to the thermal energy 
developed in the resistor? Does your answer change if the battery is ideal? 


For manual control ofthe current ofa circuit, two rheostats in parallel are preferable to a single rheostat. 
Why? 


The drift velocity of electrons is quite smali. How then does a bulb light up as soon as the switch is turned 
on, although the bulb may be quite far from the switch? 


Some times it is said that “heat is developed" ina resistance when there is an electric current in it. Recall 
that heat is defined as the energy being transferred dueto the temperature difference. Is the statement 
under quotes technically correct? 


Does emfhave electrostatic origin? 


The resistance of the human body is about 10 КО. Ifthe resistance of our body is so large, why does one 
experience a strong shock from a live wire of 220 V supply ? 


Would you prefer a voltmeter or a potentiometer to measure the emf of a battery? 


Can the potential difference across a battery be greater than its emf? 


ONLY ONE OPTION. IS CORRECT. 


Take approx. 2 minutes for answering each question. 


Q.1 


N 


Q. 


2 


0.4 


0.5 


0.6 


Astorage battery is connected to a charger for charging with a voltage of 12.5 Volts. The internal resistance of 
the storage battery is ІО. When the charging current is 0.5 A, the emf of the storage battery is: 

(A) 13 Volts (B) 12.5 Volts (C) 12 Volts (D) 11.5 Volts 

Under what condition current passing through the resistanceR canbe Е, г 

increased by short circuiting the battery ofemfE,. The internal resistances 

of the two batteries are r, and r, respectively, 

(A) Er > E, (К * r;) (B) Er, >E,(R+r1,) R 

(C) Er, > E, (К+г,) (D) E,r, >E (R* rj) 


A battery consists of a variable number n of identical cells having internal resistance connected in series. 
Theterminals ofthe battery are short circuited and the current I measured. 
Which one ofthe graph below shows the relationship between I and n? 


КЕЙ 837 өз / ој oJ 
о n о п о n о n о n 


In previous problem, if the cell had been connected in parallel (instead of in series) which of the above 
graphs would have shown the relationship between total current I and n? 


"PA в / (С) | / ox в: 
ok n о п о 4 о á б " 


n identical cells are joined in series with its two cells A and B in the loop with reversed polarities. EMF 
of each shell is E and internal resistance r. Potential difference across cell A or B is (here n>4) 


2E 1 4Е yri 
a“ өуе(1-4) o4 пук |1-2| 


In the figure shown, battery 1 has emf 6 V and internal resistance = 1 О. 
Battery 2 has emf= 2V and internal resistance = 3 О. The wires have negligible 
resistance. What is the potential difference across the terminals of battery 2 ? 








(A)4V (В)1.5У 
(С)5У (D)0.5 V 
The terminal voltage across a battery of emf E can be 
‘.(А)0 (B)>E (C)<E (D) all of above 
A circuit is comprised of eight identical batteries and a resistor H 21 
R -0.80. Each battery has ап emf of 1.0 V and internal resistance К=0.80 
of 0.2Q. The voltage difference across any of the battery is Lo 
(А)0.5У (В) 1.0V rat 
(С)0У (D)2V 
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In order to determine the e.m.f. ofa storage battery it was connected in series with a standard cell ina 

certain circuit and a current I, was obtained. When the battery is connected to the same circuit opposite 

to the standard cell a current L, flow in the external circuit from the positive pole of the storage battery 

was obtained. What is the e.m.f. =, of the storage battery? The e.m.f. of the standard cellise,. 

И: 
i 


1-І; 
£4 D) £ =— e 
Me t ОЕ 


L+ 


Жі 8 O ХСуе,- 
L-i * ; 


1-І ? Bad 








(А) е; 





Y E 
In the network shown the potential difference between A and B 
is (R=r =1,=1,=1Q,E, =3 V,E,=2V,E,=1V) МҚ р . 
(A)1 V (B)2V 
“м4 


- B 

к 
(C)3 V (D)4V Ез 
Two batteries one of the emf 3V, internal resistance 1 ohm and the other ofemf 15 V, a b 
internal resistance 2 ohm are connected in series with a resistance R as shown. Ifthe |зуло  15v20 
potential difference between a and b is zero the resistance of R in ohm is А 
(A) 5 (B)7 (C)3 (D)1 


A wire oflength L and 3 identical cells of negligible internal resistances are connected in series. Due to 
the current, the temperature of the wire is raised by AT in time t. N number of similar cells is now 
connected in series with a wire ofthe same material and cross section but of length 2L. The temperature 
ofthe wire is raised by the same amount АТ in the same time t. The value of Nis : 


(A)4 (B)6 (C)8 (D)9 


A cell of emf E has an interna: ı ssistance г & is connected to rheostat. When resistance R of rheostat is 
changed correct graph of potential difference across it is 


V V { V ys 
(A) (B) (C) (D) 
R R R R 


The battery in the diagram is to be charged by the generator С. The generator has > 

a terminal voltage of 120 volts when the charging current 1510 amperes. The battery | V^ 
has an emf of 100 volts and an internal resistance of 1 ohm. In order to charge the 7 

battery at 10 amperes charging current, the resistance R should be set at zt 
(А)010 (В)050 100У,10 
(С) 1.00 (D) 5.0 0 


Two current elements P and Q have current voltage characteristics as shown below : 


_ i (amp) 





10 P.D. (Volt) 10 P.D. (Volt) 


Which ofthe graphs given below represents current voltage characteristics when P and Q are in series. 





10 20 10 20 10 20 10 20 10 20 
BD, (Volt) РО. (Volt) кр. (Volt) P.D. (Volt) P.D. (Volt) 
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0.16 Awire of cross-section area A, length L}, resistivity p, and temperature coefficient of resistivity Qt is 
connected to a second wire of length І, resistivity p,, temperature coefficient of resistivity о, , and the 
same area А, so that wire carries same current. Total resistance R is independent of temperature for 

C . small temperature change if (Thermal expansion effect is negligible) 
(A) a, 7-05 (B) pL; a, * р. о, 70 
(С) ца +1,а,=0 (D) None 


0.17 Resistances К, and R, each 600 are connected in series as shown x 
in figure. The Potential difference between A and B is kept 120 volt. 
Then what will be the reading of voltmeter connected between the 
point C & D if resistance of voltmeter is 1200. 
(A) 48 V (В)24У 7b 
(C) 40V (D) None "9 


с 


0.18 The resistance of all the wires between any two adjacent dots is К. А 
Then equivalent resistance between A and В as shown in figure is : 
E. (А)ТВК (B) 7/6 К 
(С) 14/8 К (D) None of these B 


Q.19 Consider an infinte ladder network shown in figure. A voltage V is applied between the points A and B. 
This applied value of voltage is halved after each section. 





(A) R/R, = | (B) R/R, - 1/2 (C)R,/R, =2 (D) R/R, =3 


0.20 ABCD isa square where each side is a uniform wire of resistance 10. ApointElies — ,  ,/9, — . 
on CD such that if a uniform wire of resistance 1Q is connected across AE and 
constant potential difference is applied across A and C then B and E are equipotential. 10 ifa 
CE CE CE 1 CE X D с 
СУ ED = 8) ұр72 Өр” ©) ұр 22 T 


Q.21 Inorder to increase the resistance ofa given wire of uniform cross section to four times its value, a 


3 
fraction ofits length is stretched uniformly till the full length of the wire becomes > times the original 


length what is the value of this fraction? 
А Ц (R3 — C (D > 

(9 (С) те he 

0.22 Inthe given circuit the current flowing through the resisitance 20 ohms is 0.3 


_ атреге while the ammetre reads 0.8 ampere. What is the value of R}? 
\— (A)30ohms (B)40ohms (C)50ohms (D)60ohms 
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Q.23 


Q.24 


0.27 


0.28 


The circuit diagram shown consists of a large number of element (each element has two resistors R, and 
R)). The resistance of the resistors in each subsequent element differs by a factor of K = 1/2 from the 
resistance of the resistors in the previous elements. The equivalent reistance between A and B shown in 
figure is : 





(Ri -R;) - JR? - R - 6R,R; 
? 


- 


(О) None of these 


(C) 


Abrass disc and a carbon disc of same radius are assembled alternatively to make a cylindrical conductor. 
The resistance of the cylinder is independent of the temperature. The ratio of thickness of the brass disc 
to that of the carbon disc is [ot is temperature coefficient of resistance & Neglect linear expansion | 






































A&cPc OcPB OpBPc OpPB 
A B С D 
e) ©врв (В) ©врс (© ©срв oY AcPc 
" 
In the circuit shown, what is the potential difference Уро? 28 Av 30 
(A)*3V (B) * 2V (C) 2V (D) none | Wiss 20 uj 


In the circuit shown in figure reading of voltmeter is V; when only S, is 
closed, reading of voltmeter is V, when only S, is closed. The reading 
of voltmeter is V4 when both S, and S, are closed then 

(A) V2 V,» V, (В) V;» V,» Vi 
(С) V2 V,» V, (D) V, > V,> У, 





One end of a Nichrome wire of length 2L and cross-sectional area A is attatched to an end of another 
Nichrome wire of length L and cross-sectional area 2A. If the free end of the longer wire is at an electric 
potential of 8.0 volts, and the free end of the shorter wire is at an electric potential of 1.0 volt, the 
potential at the junction of the two wires is equal to 


(A)2.4V (B)32V (C)4.5 V (D)5.6V 
In the diagram resistance between any two junctions is К. Equivalent resistance A^ 
across terminals A and B is ИЖ 
ИК 18R 7К 11R 
"A E —— —— A B 
(999 GU (© 18 


Power generated across a uniform wire connected across a supply is Н. If the wire is cut into n equal 
parts and all the parts are connected in parallel across the same supply, the total power generated in the 
wire is 


H H 
(А) = (В) Н (С) nH (D) 
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0.32 
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0.37 
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Q.38 


an 


A constant voltage is applied between the two ends of a uniform metallic wire. Some heat is developed 
in it. The heat developed is doubled if 

(A) both the length and the radius of the wire are halved. 

(B) both the length and the radius of the wire are doubled 

(C) the radius of the wire is doubled 

(D) the length ofthe wire is doubled 


When electric bulbs of same power, but different marked voltage are connected in series across the 
power line, their brightness will be : 

(A) proportional to their marked voltage 

(B) inversely proportional to their marked voltage 

(C) proportional to the square of their marked voltage 

(D) inversely proportional to the square of their marked voltage 

(E) the same for all of them 


Two bulbs rated (25 W — 220V) and (100W — 220V) are connected in series to a 440 V line. Which 
one is likely to fuse? 


(A) 25 W bulb (B) 100 W bulb (C) both bulbs (D) none 
Rate of dissipation of Joule's heat in resistance per unit volume is (symbols have usual meaning) 
(А)сЕ (В)с] (СУГЕ (D) None 


The charge flowing through a resistance R varies with time as О 2t — 8t?. The total heat produced in the 


1 
resistance is (for 0 «t 5% ) 


R. К. Ra . 
(A) 6 joules (B) — joules (C) — joules (D) R joules 


5 


A total charge О flows across a resistor R during а time interval = T in such a way that the current vs. 
time graph for 0 — T is like the loop ofa sin curve in the range 0 — т. The total heat generated in the 
resistor is 


(A) О?л2В./ 8T (В) 2Q?nx?R/ T (С) 20276 / T (D) Q2n?R / 2T 
If the length ofthe filament ofa heater is reduced by 10%, the power of the heater will 
(A) increase by about 9% (B) increase by about 11% 

(C) increase by about 19% (D) decrease by about 10% 


A heater A gives out 300 W of heat when connected to a 200 V d.c. supply. A second heater B gives out 
600 W when connected to a 200 v d.c. supply. If a series combination ofthe two heaters is connected 


‘to a 200 V d.c. supply the heat output will be 
(A) 100 W (B) 450 W (C) 300 W (D) 200 W 
Two bulbs one of 200 volts, 60 watts & the other of 200 volts, 100 watts are connected in series to a 


200 volt supply. The power consumed will be 
(A) 37.5 watt (B) 160 watt (C) 62.5 watt (D) 110 watt 
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In the circuit shown the cells are ideal and of equal emfs, the capacitance of the capacitor is С and the 
resistance of the resistor is R. X 1s first joined to Y and then to Z. After a long time, the total heat 
produced in the resistor will be Е i x 

(A) equal to the energy finally stored in the capacitor 

(B) half ofthe energy finally stored in the capacitor 

(C) twice the energy finally stored in the capacitor 

(D)4 times the energy finally stored in the capacitor 


Three 60 W light bulbs are mistakenly wired in series and connected to a 120 V power supply Assume 
the light bulbs are rated for single connection to 120 V With the mistaken connection, the power dissipated 
by each bulb is: 


(A) 6.7 W (B) 13.3 W (C) 20 W (D) 40 W 
R 

The ratio of powers dissipatted respectively in R and ЗК, as shown is: T hr 
2R 

(A)9 (В) 27/4 (С) 4/9 (D) 4/27 


In the figure shown the power generated in y is maximum when y = 5€). y 

Then R is pe] 
(А)2 0 (B)60 10V; 

(С)5 О (D)3Q 20 J | 


In the circuit shown, the resistances аге given in ohms and the 50 алт 
battery is assumed ideal with emf equal to 3.0 volts. The resistor Г" Т ad = 
that dissipates the most power is 3 
A\R ЗУ В. 2500 
(А) В, 
(B)R, 
(C)R, 
(D)R, 


К4==30 Q 


What amount of heat will be generated in a сой ofresistance R due to a charge q passing through it if 
the current in the coil decreases to zero uniformly during a time interval At 


к aR q'R 2q?R (2At) 


(A) = (Bn, t (C) м (D) cag 





V 


D 


The variation of current (I) and voltage (V) is as shown in figure A. The variation 
of power P with current Z is best shown by which ofthe following graph 





Ina galvanometer, the deflection becomes one half when the galvanometer is 200 





shunted by a 20Q resistor. The galvanometer resistance is 
(A) 50 (B) 10Q 
(C) 402 (D) 200 
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0.47 


О 48 


0.49 
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When a galvanometer is shunted with a 4Q resistance, the deflection is reduced to one-fifth. If the 
galvanometer is further shunted with 20 wire, the further reduction in the deflection will be (the main 
current remains same) 


8 
(A) m of the deflection when shunted with 42 only 
5 ; а 
(В) 13 ofthe deflection when shunted with 4Q only 
3 
(С) 4 of the deflection when shunted with 40 only 
3 ; А 
(Р) 13 of the deflection when shunted with 4Q only 
А galvanometer has a resistance of 20Q and reads full-scale when 0.2 V is applied across it. To convert 
it into 10 A ammeter, the galvanometer coil should have a 


(A) 0.01Q resistor connected across it (B) 0.020 resistor connected across it 
(С) 2000 resistor connected in series withit (Р) 2000 Q resistor connected in series with it 


90. 10 mA 


A milliammeter of range 10 mA and resistance 9 © is joined in a circuit as 
shown. The metre gives full-scale deflection for current I when A and B are used 
as its terminals, i.e., current enters at A and leaves at B (C is left isolated). The 
value of Lis 

(A) 100 mA (B) 900 mA (C)1A (D)1.1A 





А galvanometer coil has a resistance 90 © and full scale deflection current 10 mA. A 910€? resistance is 
connected in series with the galvanometer to make a voltmeter. If the least count of the voltmeter is 0. 1V, 
the number of divisions on its scale is 

(A) 90 (B)91 (С) 100 (D) none 


R 
In the circuit shown the resistance of voltmeter is 10,000 ohm and that ofammeter 9” Ww—A)—— 
is 20 ohm. The ammeter reading is 0.10 Amp and voltmeter reading is 12 volt. 
Then R is equal to 
(А) 1220 8) 1400 © (C)1160 (0)100 О 





By error, a student places moving-coil voltmeter V (nearly ideal) in series with E- 12V,r=20 | 
the resistance in a circuit in order to read the current, as shown. The voltmeter Д7 j 
reading will be НН —(V)- 


(А)0 (В) 4У (С)6У (D) 12У 


/ 


Іп a balanced wheat stone bridge, current in the galvanometer is zero. It remains zero when: 
[1] battery emfis increased 

[2] all resistances are increased by 10 ohms 

[3] all resistances are made five times 

[4] the battery and the galvanometer are interchanged 

(A) only [i] is correct (B) [1], [2] and [3] are correct 

(С) [1], [3] and [4] are correct (D) [1] and [3] are correct 
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A Wheatstone's bridge is balanced with a resistance of 625 Q in the third arm, 
where P, О and $ are in the 1*, 2"4 and 48 arm respectively. If P and Q are 
interchanged, the resistance in the third arm has to be increased by 510 to 
secure balance. The unknown resistance in the fourth arm is 
(A) 6252 (В) 650 О (С) 676 О 





(р) 6002 


In the figure shown for gives values of R, and R, the balance point for R, R; 
Jockey is at 40 cm from A. When R, is shunted by a resistance of 10 О, 
balance shifts to 50 cm. К, and R, are (AB = 1 m): 





10 
(A) 3 9,50 (B)20 0,300 
15 
(С) 100, 150 (0)50, = 2 
А 6 V. battery of negligible internal resistance is connected across а 6у 


uniform wire of length 1 m. The positive terminal of another battery of 
emf 4V and internal resistance 1 Q is joined to the point A as shown in 


figure. The ammeter shows zero deflection when the jockey touches the A В 
wire at the point С. The AC is equal to 

(A) 2/3 m (В) 1/3 т fibre 

(C) 3/5 m (D) 1/2 т 


The бриге shows а metre-bridge circuit, with AB = 100 cm, X = 120 
and R = 180, and the jockey J in the position of balance. 

IfR is now made 80), through what distance will J have to be moved to 
obtain balance? 
(A) 10 cm 

(C) 30 cm 





(B) 20 cm 
(D) 40 cm 


A potentiometer wire has length 10 m and resistance 10€). It is connected to a battery of EMF 11 volt 
and internal resistance 1 ©, then the potential gradient in the wire is 
(A) 10 V/m (B) 1 V/m (C) 0.1 V/m (D) none 

The length ofa potentiometer wire is /. A cell of emf is balanced at a length //3 from the positive end of 
the wire. Ifthe length of the wire is increased by //2. At what distance will the same cell give a balance 


[ох релені, 


Prucb cot 


Q.60 
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Inthe figure, the potentiometer wire AB of length L and resistance 9r is joined to 
the cell D of emf and internal resistance г. The cell C's emf is ¢/2 and its 


internal resistance is 2r. The galvanometer G will show no deflection whenthe А 
length AJ is 





4 
(А) (в) 5 
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Anammeter А of finite resistance, and a resistor К аге joined in series to ап ideal 
cell C. A potentiometer P is joined in parallel to R. The ammeter reading is I, 
and the potentiometer reading is V}. P is now replaced by a voltmeter of finite 
resistance. The ammeter reading now is and the voltmeter reading is V. 

(A)I » Ij, V< Vo (B)I»I, V = V, (OI-I, V«V, (0)1<1,У -V, 









In the given potentiometer circuit length ofthe wire ABis3 m ZUM UM 

and resistance is В = 4.5 О. The length AC for no deflection in bs im 
galvanometer is Р R452 — " 
(A)2m (B) 1.8m 

(C) dependent onr, (D) none of these 


E=3V 1 


A battery of emf E, = 12 V is connected across a 4m long uniform wire having 
resistance 4Q/m. The cells of small emfs =. = 2V and £, = АУ having internal В а 
resistance 2Q and 6Q respectively, are connected as shown in the figure. If yo 
galvanometer shows no deflection at the point N, the distance of point N from 
the point A is equal to 





(A) zm (B) zm (C) 25 cm (D) 50 cm 


In the arrangement shown in figure when the switch S, is open, the 100 
galvanometer shows no deflection for / = L/2. When the switch S, is 

closed, the galvanometer shows no deflection for /= 5L/12. The internal 
resistance (r) of 6 V cell, and the emf E of the other battery are 
respectively A 
(A) 3Q, 8V (B) 29, 12V 

(C) 2, 24V (D) 3Q, 12V 





The diagram besides shows a circuit used in an experiment to determine the emfand internal resistance 
of the cell C. A graph was plotted of the potential difference V between the terminals of the cell against 
the current I, which was varied by adjusting the rheostat. The graph is shown on the right ; x and y are the 
intercepts of the graph with the axes as shown. What is the internal resistance of the cell ? 


с V(V) 

(A)x (Вуу | 

(С) хуу (D)y/x с I^ 
| 





ТА) 


Which of the following wiring diagrams could be used to experimentally determine R using ohm's law? 
Assume an ideal voltmeter and an ideal ammeter. 


wes | в) z | «ЕЕ | о) | 
— I- — 


A current of (2.5 + 0.05) A flows through a wire and develops a potential difference of ( 10+ 0.1) volt. 
Resistance ofthe wire in ohm, is 
(A)4+0.12 (B) 4 + 0.04 (C) 4 + 0.08 (D) 4 + 0.02 
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0.68 


0.71 


0.74 


Two wires each of radius of cross section r but of different materials are connected together end to end 
(in series). If the densities of charge carriers in the two wires are in the ratio 1 : 4, the drift velocity of 
electrons in the two wires will be in the ratio: 

(А) 1:2 (B)2 :1 (C)4:1 (р) 1:4 


In a wire of cross-section radius г, free electrons travel with drift velocity у when а current I flows 
through the wire. What is the current in another wire of half the radius and of the same material when the 
drift velocity is 2v? 

(A) 21 (B)I (С) 12 (D) 1/4 


Read the following statements carefully : 
Y : The resistivity of a semiconductor decreases with increases of temperature. 
7: In a conducting solid, the rate of collision between free electrons and ions increases with increase of 


temperature. 

Select the correct statement from the following : 

(A) Y is true but Z is false (B) Y is false but Z is true. 

(C) Both Y and Z are true. (D) Y is true and Z is the correct reason for Y. 


A piece of copper and another of germanium are cooled from room temperature to 80 K. The resistance 
оғ; 

(А) each of them increases 

(B) each of them decreases 

(C) copper increases and germanium decreases 

(D) copper decreases and germanium increases. 


An insulating pipe of cross-section area "А" contains an electrolyte which has two types of ions— their 
charges being —е and +2e. A potential difference applied between the ends of the pipe result in the 
drifting of the two types of ions, having drift speed = v (-ve ion) and у/4 (ve ion). Both ions have the 
same number per unit volume = n. The current flowing through the pipe is 

(A) nev A/2 (B) nev A/4 (С) 5пеу A/2 (Б) Зпеу A/2 


As the temperature of a conductor increases, its resistivity and conductivity change. The ratio of resistivity 
to conductivity 

(A) increases 

(B) decreases 

(C) remains constant 

(D) may increase or decrease depending on the actual temperature. 


Current density in a cylindrical wire of radius R is given as J = 


The current flowing in the wire is: 


(A) nl, R? (В)- - al, R2 (C) uh R (D) = =, R? 


А current I flows through a uniform wire of diameter d when the mean electron drift velocity is V. The 
same current will flow through a wire of diameter d/2 made of the same material if the mean drift velocity 
of the electronis : 

(A) v/4 (В) у/2 (С) 2У (D) 4v 
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0.81 


0.82 


0.83 


0.84 


0.85 


Awire has а non-uniform cross-section as shown in figure. A steady current 


flows through it. The drift speed of electrons at points P and q is v, and Vo, 
(A) Vp 7 Vg (В) ур < Уо zi x 
(C) vp? vg (D) Data insufficient 


When an ammeter of negligible internal resistance is inserted in series with circuit it reads 1A. When the 
voltmeter of very large resistance is connected across X it reads ГУ. When the point A and B are shorted 
by a conducting wire, the voltmeter measures 10 V across the battery. The internal resistance ofthe 
battery is equal to 

(A) zero 

(B)0.5 

(С) 0.20 

(D) 0.12 

Іп the box shown current 7 enters at Н and leaves at C. Ifi,, = Е pe. 
UMS 1 Ї . . Й 

> ЕЯ ҮЗІ ЗГЕ choose the branch in which current is zero 


(A) BG (B) FC (C) ED (D) none 





The current in a metallic conductor is plotted against voltage at two different 


temperatures T, and T,. Whichis correct f / ! 
(А) Т, > T, (B) T, < T, о / P 
(С) T, =T, (D) none RT 


Auniform copper wire carries a current i amperes and has p carriers per metre. The length ofthe wire 
is £ metres and its cross-section area is s metre’. If the charge on a carrier is q coulombs, the drift 


' velocity in ms“ is given by 


(A) i/ésq (В) i/psq (C) psq/i (D) i/pséq 


If X, У and Z in figure are identical lamps, which of the following changes to 
the brightnesses of the lamps occur when switch S is closed? 

(A) X stays the same, Y decreases (B) X increases, Y decreases 
(C) X increases, Y stays the same (D) X decreases, Y increases 





Question No. 82 to 85 (4 questions) 
The figure shows a network of five resistances and two batteries 


The current through the 30V battery is 





(A)3A (B)1A (C) 2A 

The current through the 15V battery is 

(A) zero (B) 1A (C) 3A (D) none 
Which of the batteries is getting charged. 

(A) 30V (В) 15V (C) both (D) none 
The total electrical power consumed by the circuit is 

(A) 15% (В) 75W (С) 105W (D) 90W 
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0.86 


0.87 


0.88 


0.89 


0.90 


0.91 


0.92 


Question No. 86 to 88 (3 questions) 


The figure shows a network of resistances in which the point А is earthed. 


The point which has the least potential is 





(A)A (B)B (C)C (D)D 
The current through the 3Q resistor is 
(A) 2A from D to A (В) 2A fromA to D 
(C)3.33A from Ato D (D) 3.33A fromD to A 
The current through the 4Q resistor is 
(A) 0.5 Afrom B to C (B) 0.5A from C to B 
(C) ІА from C to B (D) 1A from B to C 
Ао ^ 

в ММС D 
Question No. 89 to 93 (5 questions) 
The figure shows a network of four resistances and three batteries Е 

; 30 6V 15У 

Choose the correct alternative 
(A) The potential difference У. – Vp = 6V. A 4 E 


(B) No current flows in the branch CF. 
(C) Current flows in the branch from Е to С. 
(D) Both (А) and (C) 


Mark the incorrect statement. 

(A) The current flowing in the ic ft loop is independent ofthe right loop. 

(B) The current flowing in the right loop is independent of the left loop. 

(C) Both 30V and 15V batteries do not produce current in the branch CF 
(D) both (A) and (B) 


Which ofthe battery is getting charged. 
(A) Only 6V (B)both6V апа 15У (С) Ошу 15V (D) None 


The current through the branch СЕ is 
(A) 4А (B)3A (C) 7A (D) 1A 


The electrical power dissipated as heat is 
(A) 207 W (B) 123 W (C) 165 W (D) none 
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ONE OR MORE THAN ONE OPTION. MAY BE CORRECT. 


Take approx. 3 minutes for answering each question. 


Q.1 


Q.2 


Q.3 


Q.4 


Q.5 


Q.6 


A battery is of emf Eis being charged froma charger such that positive terminal of the battery is connected 
to terminal A of charger and negative terminal ofthe battery is connected to terminal B of charger. The 
internal resistance ofthe battery is r. 

(A) Potential difference across points A and B must be more than E. 

(B) Amust be at higher potential than B 

(C) In battery, current flows from positive terminal to the negative terminal 

(D) No current flows through battery 


A battery ofemf E and internal resistance г is connected across a resistance В. (voli) | 

Resistance R can be adjusted to any value greater than or equal їо zero. A graph 10 

is plotted between the current (1) passing through the resistance and potential 

difference (V) across it. Select the correct alternative(s). 
(A) internal resistance of battery is 50 4 (ampere) 
(В) emf of the battery is 20У. 

(C) maximum current which can be taken from the battery is 4A 

(D) V-i graph can never be a straight line as shown in figure. 


The equivalent resistance of a group ofresistances is R. If another resistance is connected in parallel to 
the group , its new equivalent becomes К. & ifit is connected in series to the group , its new equivalent 
becomes R, we have : 

(A)R >R (B)R, «R (C)R,>R (D)R,<R 


Two identical fuses are rated at 10A. If they are joined 

(A) in parallel, the combination acts as a fuse of rating 20A 
(В) in parallel, the combination acts as a fuse of rating 5A 
(C) in series, the combination acts as a fuse of rating 10A. 
(D) in series, the combination acts as a fuse of rating 20A. 


Two circuits (shown below) are called ‘Circuit A’ and ‘Circuit B’. The equivalent resistance of ‘Circuit a’ 
is x and that of ‘Circuit B’ is y between 1 and 2. 





ZR IR 2R 2 
Ie-AANA, ANN EE 
R R ——» oa 
Circuit A un 2 uv edd adi 
(Ауу>х (В)у= (4/3 *DR (С)ху= 282 (D)x—y-2R 


80 


The value о the resistance К in figure is adjusted such that power 
dissipated іп the 2Q resistor is maximum. Under this condition 
(A) R=0 

(B)R=80 

(C) power dissipated in the 2 Q resistor is 72 W. 

(D) power dissipated in the 2 Q resistor is 8 W. 
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Q.7 


0.8 


0.9 


0.10 


О.П 


Q.12 


Q.13 


Q.14 


A galvanometer may be converted into ammeter or voltmeter. In which of the following cases the resistance 
of the device will be the largest ? (Asssume maximum range of galvanometer = 1 mA) 

(А) an ammeter of range 10А (B) avoltmeter of range 5 V 

(C) an ammeter of range 5 А (D) a voltmeter of range 10 V 


Mark out the correct options. 

(A)An ammeter should have small resistance. 
(B) An ammeter should have large resistance. 
(C) Avoltmeter should have small resistance. 
(D) Avoltmeter should have large resistance. 


In the circuit shown the readings of ammeter and voltmeter are 4A and ak 
20V respectively. The meters are non ideal, then R is : dis ve 
(A) 5Q (B) less than 50 > = 


(С) greater than 5О (D) between 40 & 50 


A micrometer has a resistance of 100€) and a full scale range of SOWA. It can be used as a voltmeter or 
a higher range ammeter provided a resistance is added to it. Pick the correct range and resistance 
combination(s). 

(A) 50 У range with 10 КО resistance in series. (B) 10 V range with 200 КО resistance in series. 

(С) 5 mA range with 1 О resistance in parallel. (D) 10 mA range with 1 КО resistance in parallel. 


Ina potentiometer arrangement. E, isthe cell establishing current in primary circuit. E, isthe cell to be 

measured. AB isthe potentiometer wire and G is a galvanometer. Which ofthe following are the essential 

condition for balance to be obtained. 

(А) The emf of E, must be greater than the emf of E,. 

(B) Either the positive terminals of both E, and E, or the negative terminals ofboth E, and E, must be 
joined to one end of potentiometer wire. 

(C) The positive terminals of E, and E, must be joined to one end of potentiometer wire. 

(D) The resistance of G must be less than the resistance of AB. 


In a potentiometer wire experiment the emf of a battery in the primary circuit is 20V and its internal 
resistance is 5Q. There is a resistance box in series with the battery and the potentiometer wire, whose 
resistance can be varied from 120Q to 1700. Resistance of the potentiometer wire is 75Q. The following 
potential differences can be measured using this potentiometer. 


(А) 5V (В) 6V (С) 7V (0) 8V 

In the given potentiometer circuit, the resistance of the 5 

potentiometer wire AB is Ry. C is а cell ofinternal resistance г. HE 

The galvanometer G does not give zero deflection for any A — 
position of the jockey J. Which of the following cannot be a СЯ 
reason for this? G 

(А)г> К, (B)R>>R, 

(C) emf of C > emf of D (D) The negative terminal of C is connected to A. 


Which of the following quantities do not change when a resistor connected to a battery is heated due to 
the current? 
(A) drift speed (B) resistivity (C) resistance (D) number of free electrons 
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Q.15 


Q.16 


Q.17 


Q.18 


Q.19 


Q.20 


A metallic conductor of irregular cross-section is as shown іп the figure. A constant potential difference 
is applied across the ends (1) and (2). Then : 


{РЕ ho 


(A) the current at the cross-section P equals the current at the cross-section Q 

(B) the electric field intensity at P is less than that at Q. 

(C) the rate of heat generated per unit time at Q is greater than that at P 

(D) the number of electrons crossing per unit area of cross-section at P is less than that at О. 


A conductor is made of anisotropic material and has shape of a truncated cone. A 
battery of constant emf is connected across it and its left end is earthed as shown in 
figure. Ifat a section distant x from left end, electric field intensity, potential and the 
rate of generation of heat per unit length are E, V and H 

respectively, which ofthe following graphs is/are correct? 


t ero epo SES 


A simple circuit contains an ideal battery and a resistance В. If a second resistor is placed in parallel with 
the first, 

(A) the potential across R will decrease 

(B) the current through R will decreased 

(C) the current delivered by the battery will increase 

(D) the power dissipated by R will increased. 


In the circuit shown E, F, Сапа Н are cells of e.m.f. 2V, 1V, ЗУ 
and ТУ respectively and their internal resistances aic 252, 122, 
ЗО and 1 respectively. 

(A) Vp- Vg - - 2/13 V 

(B) Vy - Vy = 2/13 V 

(C) Va = 21/13 V = potential difference across С. 

(D) Vg = 19/13 V = potential difference across Н. 





50 30 А 30 


Consider the circuit shown in the figure 
(А) the current in the 5 Q resistor is 2 A 


- $10 Zma 240 
(B) the current in the 5 © resistor is 1 А shi 
(C) the potential difference V, — Vy is 10 V 
(D) the potential difference V, — V, is 5 V 40 B 20 30 


A current passes through a wire of nonuniform cross section. Which of the following quantities are 
independent ofthe cross-section? 

(A) the charge crossing in a given time interval. 

(B) drift speed 

(C) current density 

(D) free-electron density. 
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Question No. 21 to 24 (4 questions) Жал x 

The figure shows a network of resistors and a battery. If 1A | 
Е 


< 
current flows through the branch CF, then answer the >60 + 20 12 
following questions | | YA | 
0.21 The current through H G F E 
(A) branch DE is 1A (B) branch BC is 2A 
(C) branch BGis 4A (D) branch HG is 6A 
0.22 TheemfE of the battery is 
(A) 24V (В) 12У (С) 18V (D) 6V 


If a zero resistance wire is connected in parallel to branch CF 
0.23 The current through 


(A) branch DE is zero (B) branch BC is zero 
(C) branch BG is 0.5A (D) branch AB is 1.5A 
0.24 TheemfE ofthe battery is 
(A)9V (В) 6.6V (C) 5.25V (D)105V — (E)12V 


Question No. 25 to 27 (3 questions) 
Inside a super conducting ring six identical resistors each of resistance 
R are connected as shown in figure. 
0.25 The equivalent resistance(s) 
(A) between 1 & 3 is zero. 
(В) between 1 & 3 is R/2 
(С) between 1 & 2,2 & 3,3 & 1 are all equal. 
(D) between 1 & 3 is two times that between 1 & 2. 


^ 
< 





0.26 The equivalent resistance(s) 
(A) between 0 & 1 is К. 
(B) between 0 & 1 is R/3 
(C) between 0 & 1 is zero. 
(D) between 0 & 1, 0 & 2 and 0 & 3 are all equal. 


0.27 Imagine a battery of emf E between the point 0 and 1, with its positive terminal connected with О. 
(A) The current entering at O is equally divided into three resistances. 
(B) the current in the other three resistances R43, R,4, R,, is zero. 
(С) The resistances R,, and К. have equal magnitudes of current while the resistance Ro, have different 
current. 
(D) Potential V, = V, > V}. 


Question No. 28 to 30 (3 questions) 
The figure shows а tetrahedron, each side of which has a resistance г 


Q.28 Choose the correct statement(s) related to the resistance between any 
two points. 
(A) Rap = Rep = Rac = Rep = Rea = Rap 
(B) Ras = Rac = Rap = Rep = Rec Кор 
(С) Ro is the least 
(D) Rap = Rac = Rgc and Rep = Rap = Rap 
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0.29 Choose the correct diagram(s), which show two-dimensional equivalent of the tetrahedron. 





0.30 Ifa battery is connected between any two points of the tetrahedron, then identify the correct statement(s). 
(A) The potentials of the other two points are always equal. 
(В) There always exists a branch through which no current flows. 
(C) The current coming out of the battery in each case is same. 
(D) None of these 


Question No. 31 to 33 {3 questions) 
The given figure shows a network of resistances and a battery. 


Q.31 Identify the correct statement(s) 
(A) The circuit satisfies the condition of a balanced Wheatstone bridge. 
(B) Ур-Ур-0 
(С) Ув-Ур=8 
(О) no current flows in the branch BD 





0.32 Which ofthe two batteries is getting charged? 
(A) 8V battery (B) 12 V battery (C) none (D) can't be said 


0.33 Choose the correct statement(s). 
(A) The current coming out of the 8V battery is 2A 
(B) The current coming out of the 12V battery is 3A 
(С) The current flowing in all the 40 branches is same. 
(D) The current flowing in the diagonally opposite branches is same 
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ANSWER KEY 
ONLY ONE OPTION IS CORRECT. 





01 С scQ2L By „оз О. | Q4 A 220,5) D, 06 С 707 D 
Q8 C Q9 A QIOB оп C Q2 B 03 Ql C 
015 С 016 B ОПА 018В Q19 B Q2 D Q2 B 
Q2 D Q2 C 924 А 025 B 926 А ОЛА Q2 D 
029 B Q30 B 031 C 03 А Q33 C 034 А Q35 A 
036 В Q3 р ОЗА 039 D 940 А 04 р Q4 D 
043 А Q4 А 0945 В 040 947 А 0488 Q4 С 
050 C 0510 0520 953 С 954 05 А 0956 A 
057 в Q58 B 959 Вв 060 В Q6 A QG D Q6 С 
064 В 065 р 966 В 067 А Q6 C Q69 C Q70 С 
Оол р 072 р ОЗА 040 075 р 076 с 0977 с 
078 в Q79 в 980 в Оз B Q8 A Q8 B Q84 D 
0.85 С 086 В 0987 А 088 С 089 A 09 С 991 A 
0.92 C 0993 B 
ONE OR MORE THAN ONE OPTION. МАУ BE CORRECT. 

Q1 ABC Q2 A Q3 BC Q4 AC 

0.5 ABC Q6 AC Q7 D Q8 AD 

Q9 C 0.10 BC 011 AB 0.12 ABC 

Q13 A 0.14 D 0.15 ABCD 0.16 BC 

0.17 С 0.18 ACD 0.19 А 0.20 AD 

0.21 АВ 022 В 0.23 А 0.24 Е 

0.25 ACD 0.26 BD 0.27 АВ 028 AD 

0.29 ABCD 0.30 ABC 0.31 С 0.32 С 

0.33 ABD 
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CURRENT ELECTRICITY 


ELECTRIC CURRENT : 

Electric charges in motion constitute an electric current. Any medium having practically free electric 
charges, free to migrate is a conductor of electricity. The electric charge flows from higher potential 
energy state to lower potential energy state. Positive charge flows from higher to lower potential and 
negative charge flows from lower to higher. Metals such as gold, silver, copper, aluminium etc. are good 
conductors. 


: ELECTRIC CURRENT IN A CONDUCTOR : 
In absence of potential difference across a conductor no net current flows through a corss section. 
When a potential difference is applied across a conductor the charge carriers (electrons in case of 
metallic conductors) flow in a definite direction which constitutes a net current in it . These electrons are 
not accelerated by electric field in the conductor produced by potential difference across the conductor. 
They move with a constant drift velocity . The direction of current is along the flow of positive charge (or 
opposite to flow of negative charge).i=nv,eA, where V, = drift velocity . 


CHARGE AND CURRENT : 
The strength of the current i is the rate at which the electric charges are flowing. Ifa charge О coulomb 
passes through a given cross section of the conductor in t second the current I through the conductor is 


t second t 


d 
Ampere is the unit of current . If і is not constant then /- " , where dq is net charge transported at 


a section in time dt. 
In a current carrying conductor we can define a vector which gives the direction as current per unit 
normal, cross sectional area. 


norl=J-§ 


ілік 


Thus ] = 


Where п is the unit vector in the direction of the flow of current. 

> > 
For random J ог S, we use [= [7.45 

- 

RELATION IN J, Е AND v,: 
In conductors drift vol. of electrons is proportional to the electric field in side the conductor 
as— v4.7 НЕ 
where p is the mobility of electrons 
current density is given as J = — —nev, 


. -pe(uE) = oE 


wherec = neu is called conductivity of material and we can also write p= — -» resistivity 


[e] 
of material. Thus E = p J. It is called as differential form of Ohm's Law. 


Sources Or POTENTIAL DIFFERENCE & ELECTROMOTIVE FORCE : 
Dry cells, secondary cells , generator and thermo couple are the devices used for producing potential 
difference in an electric circuit. The potential difference between the two terminals of a source when no 
energy is drawn from it is called the " Electromotive force" ог" EMF" ofthe source. The unit of 
potential difference is volt. 

1 volt = 1 Amphere х 1 Ohm. 
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ELECTRICAL RESISTANCE : 

The property ofa substance which opposes the flow of electric current through it is termed as electrical 
resistance. Electrical resistance depends on the size, geometery, temperature and internal structure of the 
conductor. 


Law OF RESISTANCE : 
The resistance R offered by a conductor depends on the following factors : 


| 
RaL (length ofthe conductor) ; К a— (cross section area of the conductor) 


| 
at a given temperature К = PE 


Where p is the resistivity of the material of the conductor at the given temperature . It is also known as 
specific resistance ofthe material . 


DEPENDENCE Or RESISTANCE ON TEMPERATURE : 

The resistance of most conductors and all pure metals increases with temperature , but there are a few in 
which resistance decreases with temperature . If В, & R be the resistance ofa conductor at 0? C and 0° 
С, then it is found that R=R,(1+a6). 


Here we assume that the dimensions of resistance does not change with temperature if expansion 
coefficient of material is considerable. Then instead of resistance we use same property for 
resistivity as P =Po (1 +90) 

The materials for which resistance decreases with temperature, the temperature coefficient of 
resistance is negative. 


Where æ is called the temperature co-efficient of resistance . The unit ofa is КУ! оЁ°С-! reciprocal of 
resistivity is called conductivity and reciprocal of resistance is called conductance (G) . S.I. unit of Gis 
ohm. 


Онм'$ Law : 

Ohm's law is the most fundamental of all the laws in electricity . It says that the current through the cross 
section or the conductor is proportional to the applied potential difference under the given physical 
condition, V=RI. Ohm's law is applicable to only metalic conductors . 


Ккіснноғғ5 Law's : 

I- Law (Junction law or Nodal Analysis) : This law is based on law of conservation of charge . It 
states that " The algebric sum of the currents meeting at a point is zero " or total currents entering а 
junction equals total current leaving the junction . 

LL =Х Ги. [tis also known as KCL (Kirchhoffs current law) . 


H- Law (Loop analysis) :The algebric sum ofall the voltages in closed 
Circuit is zero. 

5; IR + ЕМЕ =0 ina closed loop . The closed loop can be traversed 
in any direction . While traversing a loop if higher potential point is 
entered, put a + ve sign in expression or iflower potential point 15 
entered put a negative sign. 

-V, -V,*V, -V, 70. Boxes may contain resistor or battery or any other element (linear or non-linear). 
Itis also known as KVL (Kirchhoff's voltage law) . 
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COMBINATION OF RESISTANCES : 
A number of resistances can be connected and all the Г 
complecated combinations can be reduced to two different types, 
namely series and parallel . 





(i) RESISTANCE IN SERIES : 
When the resistances are connected end toend then they are said to be in series . The current 
through each resistor is same . The effective resistance appearing across the battery . 





В=В +В, + В+ ель... +В, and 

А = + V^ 

The voltage across а resistor is proportional to the resistance 

\ = УУ, = R, у 
Кы AR, 72 RIRA AR 


(ii) RESISTANCE IN PARALLEL : 
A parallel circuit of resistors is one іп which the same voltage is applied across all the 
components іп a parallel grouping of resistors R}, R,, Rg, ........ NEM 


CONCLUSIONS : 
(a) Potential difference across each resistor is same . 


(b). I-Hh-tLtL-t...... I, 
. | Aden 1 

(c) Effective resistance (R) then R к. edis R, еее NEC R, 
(d) Current in different resistors is inversally ad 

proportional to the resistance . 

111 1 
о locus T 
i К, К, К. 
с б 





Ip euo, Le тш ==" 
1 а,б... аб. k с,6,<...... +G 


I 
where G — R = Conductance of a resistor . 


EMF Or A CELL & ITs INTERNAL RESISTANCE : 
Ifa cell of emfE and internal resistance г be connected with a resistance R the total resistance of 
the circuit is(R+r). 
БЕЛЛ a 
(Re Van" Rer 
E = Terminal voltage of the battery .If r — 0, cellis Ideal & V >E. 


GnouPING Or CELLS : 
(i) CELLS IN SERIES : 
Let there Бе п cells each ofemf E , arranged in series. Let r be the internal resistance of each сей. 


I where 





E 
The total emf=nE. Current inthe circuit I= —— . 
R+nr 


If nr <<R then I= T —— 5 Series combination should be used . 


E — 
If nr?» thenI=— —— Series combination should not be used 
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(|) Св IN PARALLEL : 
If m cells each of emf E & internal resistance г be connected in parallel and if this 
combination be connected to an external resistance then the emf of the circuit = Е. 


Р ЖМ. r 
Internal resistance of the circuit = хч 











МЕ ыы 
В+ mR+ér 
m 
mE E 
If mR<<r; [= Kg —— 5 Parallel combination should be used . 
E ТТ. 
If mR>>r : [= R —> Parallel combination should not be used . 


(iii) CELLS IN MULTIPLE ARC : 
mn = number of identical cells . 
n = number of rows 
т = number of cells in each rows . 
The combination of cells is equivalent to single cell of : 


mr 
(а) emf-mE % (Б) internal resistance= “a 





mE : 
Current I = —— . For maximum current nR = mr ог 
R+™ 


mr 
R= TT — internal resistance of battery . 
5 йш п 

ақыры. 


WHEAT STONE NETWORK : 
When current through the galvanometer is zero (null point or balance 


point) S - E . When Р5 > QR; V, « V, & PS <QR; V.» Vy or 


PS = ОК => products of opposite arms are equal. Potential difference 
between C & D at null point is zero . The null point is not affected by 
resistance of G & E. It is not affected even ifthe positions of G & E are 
inter changed. I, & (QR - PS). 


14. POTENTIOMETER : 
A potentiometer is a linear conductor ofuniform cross-section with a steady current set up in it. This 
maintains a uniform potential gradient along the length of the wire . Any potential difference which is less 
then the potential difference maintained across the potentiometer wire can be measured using this . The 





| cameo 76 
potentiometer equation 15 —~=— . 


2 72 
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15. 


16. 


17. 


18. 


19. 


20. 


21. 


AMMETER : 
It is amodified form of suspended coil galvanometer it isused to measure 
current . A shunt (small resistance) is connected in parallel with 


LR 


“= . Anideal ammeter 


зі 
g 





galvanometer to convert into ammeter . S = 


has zero resistance . where 
L- Maximum current that can flow through the galvanometer . 
[= Maximum current that can be measured using the given ammeter . 








VOLTMETER : 
A high resistance is put in series with galvanometer . It is used to measure potential difference . 
V I, R 
І = — 4 | № | 
8 R SU 





К — œ , Ideal voltmeter . 


RELATIVE POTENTIAL : 

While solving an electric circuit it is convinient to chose a reference point and assigning its voltage as 
zero. Then all other potential are measured with respect to this point . This point is also called the 
common point . 


ELECTRICAL POWER : 
The energy liberated per second іп а device is called its power . The electrical power P delivered by an 
electrical device is given by P= VI , where V = potential difference across device & І = current. Ifthe 
current enters the higher potential point ofthe device then power is consumed by it (i.e. acts as load) . If 
the current enters the lower potential point then the device supplies power (i.e. acts as source) . 

v2 
Power consumed by a resistor Р = РК = УІ = Rr 
HEATING Errecr OF ELECTRIC CURRENT : 
When a current is passed through a resistor energy is wested in over coming the resistances of the wire 
. This energy is converted into heat . 


2 
W = УК Joule; =I?Rt Joule ;= x Joule. 


JouLEs Law OF ELECTRICAL HEATING : 
The heat generated (in joules) when a current of I ampere flows through a resistance of R ohm for 
T second is given by : 


PRT 
4.2 
If current is variable passing through the conductor then we use for heat produced in resistance in time 


Calories . 





Н-РЕТ Joules ; = 


t 
2 
Oto tis: H -fi Rdt 
0 


Омт OF ELECTRICAL ENERGY CONSUMPTION : 
1 unit of electrical energy = Kilowatt hour = 1 KWh=3.6 x 106 Joules. 
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Q.2 


Q.3 


0.4 


0.5 


0.6 


0.7 


0.8 


0.10 


0.11 
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EXERCISE # I 


Anetwork of nine conductors connects six points A, B, C, D, Eand F 
as shown in figure. The figure denotes resistances in ohms. Find the 
equivalent resistance between A and D. 





1 
In the circuit shown in figure potential difference between point A and В is 16 V Find the current passing 
through 20 resistance. 


40 9У IQ Ук aie 40 
А o——N -- бы 70 


Find the current I & voltage У in the circuit shown. 
ers E 





Find the equivalent resistance of the circuit between points A and B shown in A 
figure is: (each branch is of resistance = 10) 


[vs] 


| [nv 5% mv [ov 
Find the current through 25V cell & power supplied by T 16 3% 


20У cell in the figure shown. Gs 3 Gs 


Ifa cell of constant E.M.F. produces the same amount of the heat during the same time in two independent 
resistors R, and R,, when they are separately connected across the terminals of the cell, one after the 
another, find the internal resistance of the cell. 


Find the effective resistance of the network (see figure) between the points A and B. 
Where R is the resistance of each part. 





о 


A R E 
In the circuit shown in figure, all wires have equal resistance r. Find the B 
equivalent resistance between A and B. 


Find the resistor in which maximum heat will be produced. ETI 


For what value of R in circuit, current through 40 resistance is zero. à J „| 


In the circuit shown in figure the reading of ammeter is the same 
with both switches open as with both closed. Then find the 
resistance R. (ammeter is ideal) 





Q.12 


Q.13 


Q.14 


0.15 


0.16 


0.17 


0.18 


0,19 





Ifthe switches S,, 5. and S, in the figure are arranged such that 
current through the battery is minimum, find the voltage across 
points A and B. 


The figure shows a network of resistor each heaving value 120. 
Find the equivalent resistance between points A and B. 





A battery of emf'e, = 10 V is connected across а 1 m long uniform 
wire having resistance 10(/m. Two cells of emfe, =2V and e, = 4V 
having internal resistances 1О and 50 respectively are connected as 
shown in the figure. If a galvanometer shows no deflection at the 
point P, find the distance of point P from the point a. 


A potentiometer wire AB is 100 cm long and 
has a total resistance of 10ohm. If the 
galvanometer shows zero deflection at the 
position C, then find the value of unknown 
resistance R. 





В 
In the figure shown for gives values of R, and К. the balance point for 
Jockey is at 40 ст from A. When R, is shunted Бу a resistance of 10 ©, 
balance shifts to 50 cm. find R, апак, (AB = 1 m): 





A part of a circuit is shown in figure. Here reading of ammeter is 5 х В 

ampere and voltmeter is 96V & voltmeter resistance is 480 ohm. Then — “А | 

find the resistance R —— 

An accumulator of emf 2 Volt and negligible internal resistance is connected across a uniform wire of 


length 10m and resistance 300. The appropriate terminals ofa сей of emf 1.5 Volt and internal resistance 
1018 connected to one end of the wire, and the other terminal of the cell is connected through a sensitive 
galvanometer to a slider on the wire. What length of the wire will be required to produce zero deflection 
of the galvanometer ? How will the balancing change (a) when a сой of resistance 50 is placed in series 
with the accumulator, (b) the cell of 1.5 volt is shunted with 5Q resistor ? 


Theresistance of the galvanometer G in the circuit is 25Q. The meter deflects S Ec 
T^ 





full scale for a current of 10 mA. The meter behaves as an ammeter of Ri Re Ra 
three different ranges. The range is 0-10 A, if the terminals О and P are | 
taken; range is 0 — 1 А between О and Q ; range is 0 — 0.1 А between О [0А 1А] ОЛА 


and R. Calculate the resistance R,, R and R}. о | Q R 


List of recommended auestions from 1.Е. Irodov. 
3.147, 3.149, 3.150, 3.154, 3.155, 3.169, 3.175, 3.176, 


3.179, 3.186, 3.189, 3.190, 3.194, 3.196, 3.207 
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0.1 


EXERCISE # IL 


Atriangle is constructed using the wires АВ, ВС & CA of same material and of resistance a, 20. & 3a 
respectively. Another wire of resistance 0/3 from А can make a sliding contact with wire BC. Find the 
maximum resistance of the network between points A and the point of sliding wire with BC. 


Q.2(a) The current density across a cylindrical conductor of radius R varies according to the equation 


(b) 


0.3 


04 
@ 
@) 
Q.5 


0.6 


© 


Gi) 


Q.7 


Q.8 


N 


р | › Whereris the distance from the axis. Thus the current density is a maximum J, at the 


axis r = 0 and decreases linearly to zero at the surface г =R. Calculate the current in terms of J, and the 
conductor's cross sectional area is А = xR2. 
Suppose that instead the current density is a maximum J, at the surface and decreases linearly to zero at 


ғ 


І- Jol 1- 


the axis so that J = ips . Calculate the current. 


What will be the change in the resistance ofa circuit consisting offive 777777 
identical conductors iftwo similar conductors are added as shown by 
the dashed line in figure. Neen A 


The current I through a rod of a certain metallic oxide is given by I= 0.2 V32, where V is the potential 
difference across it. The rod is connected in series with a resistance to a 6V battery of negligible internal 
resistance. What value should the series resistance have so that : 

the current in the circuit is 0.44 

the power dissipated in the rod is twice that dissipated in the resistance. 


А piece of resistive wire is made up into two squares with a common side of length 10 cm. A currant 
enters the rectangular system at one ofthe corners and leaves at the diagonally opposite corners. Show 
that the current in the common side is 1/5th of the entering current. What length of wire connected 
between input and output terminals would have an equivalent effect. 


А network of resistance is constructed with К, & R, as 
shown in the figure. The potentialatthepoints1,2,3,., N *° voee 
are V,, V. У. ‚ .., V, respectively each having a potential 
k time smaller than previous one. Find: 

К, R; 





В. Ч Б 
current that passes through the resistance R nearest to the V, in terms Vp, К & К.. 


іп terms ofk 


A hemisphere network of radius a is made by using a conducting wire B 
of resistance per unit length r. Find the equivalent resistance across OP. A с 


Three equal resistance each of R ohm are connected as shownin figure. A 
battery of 2 volts of internal resistance 0.1 ohm 15 connected across the 
circuit. Calculate R for which the heat generated in the circuit is maximum. 








€ Bansal Classes Current Electricity [^] 


0.9 


0.10 
© 
@ 


0.11 


0.12 


(а) 
(b) 


Q.13 


Q.14 


Q.15 


Q.16 


Q.17 


A person decides to use his bath tub water to generate electric power to run a 40 watt bulb. The bath 
tube is located at a height of 10 m from the ground & it holds 200 litres of water. If we install a water 
driven wheel generator on the ground, at what rate should the water drain from the bath tube to light 
bulb? How long can we keep the bulb on, ifthe bath tub was full initially. The efficiency of generator is 


90%.(g = lOm/s?) | 
36V 


In the circuit shown in figure, calculate the following : 
Potential difference between points a and b when switch S is open. a b 
Current through S in the circuit when S is closed. 


The circuit shown in figure is made of a homogeneous wire of uniform 
cross-section. ABCD is a square. Find the ratio of the amounts of heat 
liberated perunit time in wire A-B and C-D. 





Атой of length L and cross-section area A lies along the x-axis between х = 0 and x =L. The material 
obeys Ohm's law and its resistivity varies along the rod according to p (х) = руе. The end ofthe rod 
at x= 0 is at a potential V, and it is zero at x = L. 

Find the total resistance of the rod and the current in the wire. 

Find the electric potential in the rod as a function of x. 


In the figure. PQ is a wire of uniform cross-section and of 

resistance Rp. Ais an ideal ammeter and the cells are of negligible E E 
resistance. The jockey J can freely slide over the wire PQ making 

contact on it at S. If the length ofthe wire PS is f= 1/14 of PQ, 

find the reading on the ammeter. Find the value of ‘f’ for р Q 
maximum and minimum reading on the ammeter. $ 

An ideal cell having a steady emf of 2 volt is connected across the potentiometer wire of length 10 m. The 
potentiometer wire is of magnesium and having resistance of 11.5 Q/m. An another cell gives a null point at 
6.9 m. Ifa resistance of 5C) is put in series with potentiometer wire, find the new position of the null point. 
Find the equivalent resistance of the following group of resistances between A and B. Each resistance 
of the circuit is В 


A 
(a) B (b) © о 


An enquiring physics student connects а cell їо а circuit and measures the current drawn from the 
cell to I,. When he joins a second identical cell is series with the first, the current becomes І, When 
the cells are connected are in parallel, the current through the circuit is I,. Show that relation between 





the currentis 31,1,=21, (+1) 1V 1У в № 1V 
A 
Find the potential difference V , — Vp for the circuit as 250 4 iQ 
shown in the figure. 
IV | ГУ iv ^ 
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0.18 Aresistance К of thermal coefficient of resistivity = о is connected in parallel with a resistance = ЗК, 
having thermal coefficient of resistivity = 20. Find the value оға, ж. 


20 40 
| p inum: | 2 | 
Q.19 Findthecurrent through 3 © resistance in the figure shown. 40 y5 
10 V 


Q.20 Agalvanometer having 50 divisions provided with a variable shunt sis used to measure the current when 
connected in series with a resistance of 90 €) and a battery of internal resistance 10 ©. It is observed 
that when the shunt resistance are 102, 500, respectively the deflection are respectively 9 & 30 divisions. 
What isthe resistance ofthe galvanometer? Further ifthe full scale deflection ofthe galvanometer movement 


is 300 mA, find the emf of the cell. 

Q.21 Inthe primary circuit of potentiometer the rheostat can be varied from 0 to 10€). Initially it is at minimum 
resistance (zero). pii 19 100 

(a) Епа the length AP of the wire such that the galvanometer shows zero 


deflection. 
(b) Now the rheostat is put at maximum resistance (100) and the switch S is 
closed. New balancing length is found to 8m. Find the internal resistance r 


ofthe 4.5V cell. жк 
20 





0.22 Agalvanometer (coil resistance 99 ©) is converted into a ammeter using a shunt of 1© and connected as 
shown in the figure (i). The ammeter reads 3A. The same galvanometer is converted into a voltmeter by 
connecting a resistance of 101 Q in series. This voltmeter is connected ав shown in figure(ii). Its reading 


is found to be 4/5 of the full scale reading. Find 12V r 12V r 
(a) internal resistance r of the cell ы 
(D range of the ammeter and voltmeter ® 
(c) full scale deflection current of the galvanometer 20 


(i) (ii) 
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01 


0.2() 


(i): 
(iii) 


03 


0.4 


0.5 


0.6 





EXERCISE # Ш 


V 
400Q 












An electrical circuit is shown in the figure. Calculate the potential 
difference across the resistance of 400 ohm, as will be measured by the 
voltmeter V of resistance 400 ohm, either by applying Kirchhoff’s rules 
or otherwise. [JEE’96, 6] 





1000 2000 


HOV 


A steady current flows in a metallic conductor of nonuniform cross-section. The quantity /quantities 


constant along the length of the conductor is / are : [JEE’97,1+2+5] 
(A) current, electric field and drift speed (B) drift speed only 
(C) current and drift speed (D) current only 


The dimension of electricity conductivity is 


Find the emf (Е) & internal resistance (г) of a single battery which is equivalent to a parallel combination 
of two batteries of emfs V, & V, & intemal resistances г. & r, respectively with their similar polarity connected 
to each other 


In the circuit shown in the figure, the current through : | | | 
ү Es 


(A) the34£) resistor is 0.50 А (B) the 3Q resistor і5 0.25А 9 
(C) 4 О resistor is 0.50А (D) the 4Q resistor is 0.25 А 
[JEE’98, 2] 





In the circuit shown, P +R, the reading ofthe galvanometer is same with 
switch S open or closed. Then 
(у= (В)1=1. (О1-0 (D) = [ЕЕ '99, 2] 


The effective resistance between the points Р and О of the electrical 


circuit shown in the figure is 
(A)2Rr/(R+r) (В) 8SR(R + ry(3R + г) 
(C) 2r - 4R (D) 5 R/2 + 2г 





[JEE 2002 (Scr), 3] 


A 100 W bulb В|, and two 60 W bulbs B, and Ву, are connected to а 

250 V source, as shown in the figure. Now W,, W, and W, are the 
output powers ofthe bulbs B,, B, and B, respectively. Then 

(АМ, > W,=W, 

(В) W, > W, > W, 

(OW; <W, =W, 

(Р) №, <W,<W, = | [JEE 2002 (Scr), 3] 
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0.7 — Athin uniform wire AB of length 1 т, an unknown resistance X 
and a resistance of 12 О are connected by thick conducting 
strips, as shown in figure. A battery and a galvanometer (with a 
sliding jockey connected to it) are also available. Connections 
are to be made to measure the unknown resistance X using the 
principle of Wheatstone bridge. Answer the following question. 


o. 22 Fo] iQ 


(a) Are there positive and negative terminals onthe galvanometer? A B C D 
(b Сору the figure in your answer book and show the battery and the galvanometer (with jockey) connected 
at appropriate points. 


(c) After appropriate connections are made, it is found that no deflection takes place in the galvanometer 
when the sliding jockey touches the wire at a distance of 60 cm from A. Obtain the value of resistance X. 
ПЕЕ” 2002, 1+2+2] 


Q.8 Аптапре the order of power dissipated in the given circuits, if the same current is passing through all 
circuits and each resistor is 'r' [JEE 2003 (Scr)] 


p ( | ) " (П) A-——AA—AA^—^^— B 
/ 
(Ш) -С Ум (ГУ) <> 


(A) P,» P,» P,» P, (B)P,;>P,>P,>P, (C) P,» P,» P,» P, (D) P, >Р,>Р, >Р, 


0.9  Inthegiven circuit, no current is passing through the galvanometer. If 
the cross-sectional diameter of AB is doubled then for null point of 5 
galvanometer the value of AC would [JEE 2003 (Scr)] же 


(A)x (В) x/2 (C) 2x (D)None ^e B 


0.10 How abattery is to be connected so that shown rheostat will behave | ў 
like a potential divider? Also indicate the points about which output сап 
be taken. ПЕР’ 2003] R 


0.1 Six equal resistances are connected between points Р, О and В as shown Р 
in the figure. Then the net resistance will be maximum between 
(A) P and Q 
(B) Q and R 
(C) P and R 
(D) any two points [JEE'2004(Scr)) 9 R 





0.12 InanRC circuit while charging, the graph of /n I versus time is as shown by the 
dotted line in the adjoining diagram where I is the current. When the value of the 
resistance is doubled, which of the solid curves best represents the variationof —— [= 
In I versus time? [JEE 2004 (Scr)] 
(A)P (B)Q (C)R 


mI 


тə. 


шалайын а, ала А ы. етед Сакс мкс E 
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0.13 


0.14 


0.15 


0.16 


0.17 


0.18 


0.19 





For the post office box arrangement to determine the value of unknown resistance, 
the unknown resistance should be connected between [JEE’ 2004 (Scr)] 

(A) B and С (B) CandD 

(C) A and D (D) B, and C, 





Draw the circuit for experimental verification of Ohm's law using a source of variable D.C. voltage, a 
main resistance of 100 О, two galvanometers and two resistances of values 10° Q and 10? О respectively. 
Clearly show the positions of the voltmeter and the ammeter. [JEE 2004] 


| 10V 100 
In the figure shown the current through 2Q resistoris Г " 


(A)2A (B)0A 45501 
(С)4А (Р) 6А 






20V 


[JEE 2005 (Scr)] 


An uncharged capacitor of capacitance 4рЕ, a battery of emf 12 volt and a resistor of 2.5 MQ are 
connected in series. The time after which v, = Зур is (take /n2 = 0.693) 
(A) 6.93 sec. (B) 13.86 sec. (C) 20.52 sec. (D) none of these 

[JEE’ 2005 (Scr)] 


A galvanometer has resistance 100Q and it requires current 100, for full scale deflection. A resistor 
0.10 is connected to make it an ammeter. The smallest current required in the circuit to produce the full 
scale deflection is 
(A) 1000.1 mA (B) 1.1 mA (C) 10.1 mA (D) 100.1 mA 

[JEE’ 2005 (Scr)] 


Anunknown resistance X is to be determined using resistances К., R, or 
В.. Their corresponding null points are A, B and C. Find which ofthe 
above will give the most accurate reading and why? 

[JEE 2005] 





A B С 
В=К or R, or В, 





Consider a cylindrical element as shown in the figure. Current A B с 
flowing the through element is I and resistivity of material of the “ a oo} 2+ 
cylinder is р. Choose the correct option out 

the following. 12 M 
(A) Power loss in second half is four times the power loss in first half 

(B) Voltage drop in first halfis twice of voltage drop in second half 


(C) Current density in both halves are equal. 
(D) Electric field in both halves is equal. [JEE 2006] 
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ANSWER KEY 





EXERCISE # I 
22 
01 10 Q2 35A Q3 1=2.5А, V - 3.5 Volts Q4 3,2 
- 3 
0.5 12A,-20W 06 (КЕ, Q7 8/7R 08 т 
09 40 0.10 19 0.11 6000 0.12 1V 
10 

0.13 90 0.14 46.67ст 0.15 4ohm 016 70,50 
0.17 200hm 0.18 7.5m,8.75m,6.25m 0.19 К, =0.02780, К,= 0.250, В. =2.5 Q 

EXERCISE # П 

3 
01 өле Q2 (21/3; (b) 2,AG Q.3 Rs 
Q4 (110.520; (1) 0.31250 0.5 7/5 times the length of any side of the square 
0.6 ( (k-1)? | k (ii) (к -1)/k? № 0.7 (2+л)аг 
: k 3 (k-1) П в: ‘ Er uM 
0.8 030 0.9 4/9 kg/sec., 450 sec 
010 ()У,--12У, (ii) 3 атр fromb toa 011 11-6У2 
poL г vaf C | V (е7 - e) 
= EY) 1-4 | ры ——|——|.v- 

Q.12 R eL т гау — 


; for lax f= 0,1;I 


min 


Оз GRETA f-12 014 7.2m 0.15 (a)5/TR, (b) 98/14 


Q17 - SV 018 а.=-а QI9IA 0.20 233.30; 144V 0.21 (a) 6m, (b) 19 
0.22 (а) 1.01 W, (b) 0-5А, 0-10V, (c) 0.05 А 
EXERCISE # Ш 


Vin+Voh nD 


Q1203V 0.2 © D; (ii) ML TA? (iii) 
Q4 А 05 А Q6 D 


ИП +h f trn 


Q8 А 09 A 





Q.10 Battery should be connected across A and B. Out put can be taken across the terminals A and C or B and C 
0.11 А 0.12 В 013 C 


395^ 75 v Valtmeter 


0.15 B 0.16 B 017 D 





0.18 Thisistrueforr,- г, So R, given most accurate value 0.19 A 
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KEY CONCEPTS 


When a conductor is moved across a magnetic field, an electromotive force (emf) is produced in the 
conductor. If the conductors forms part of a closed circuit then the emf produced caused an electric 
current to flow round the circuit. Hence ап emf (and thus a current) is induced іп the conductor as a result 
of its movement across the magnetic field. This is known as "ELECTROMAGNETIC INDUCTION." 


MAGNETIC FLUX: 
ф= В.А =ВА cos 0 weber for uniform В. 
ф= [В ‚4А fornonuniform В. 


Farapay's Laws OF ELECTROMAGNETIC INDUCTION : 
An induced emf is setup whenever the magnetic flux linking that circuit changes. 


The magnitude of the induced emf in any circuit is proportional to the rate of change of the magnetic 


d$ 


flux linking the circuit, в о. a 
t 


Lenz's Laws: 
The direction of an induced emf is always such as to oppose the cause producing її. 


Law Or EMI: 


Sb. M . The neeative sign indicated that the induced emf opposes the change of the flux . 
t 


EMF Inpucep Іх А STRAIGHT CONDUCTOR IN Омеовм МАСМЕТІС FIELD: 
E = BLV 5ш voltwhere 

B = flux density in wb/m? : L=length of the conductor (т); 

V =velocity of the conductor (m/s) ; 

9 = angle between direction of motion of conductor & В. 


Соп, Rotation IN Macnetic FIELD Sucu Тнат Axis ОЕ ROTATION Is PERPENDICULAR ТО 
THE МАСМЕТІС FIELD: 

Instantaneous induced emf. Е = NABo sin ot = E, sin ot, where 

N=number of turns inthe coil ; А = area of one turn ; 

В = magnetic induction o =uniform angular velocity of the coil ; 

E, = maximum induced emf. 


> 


SELF INDUCTION & SELF INDUCTANCE : 

When a current flowing through a coil is changed the flux linking with its own winding changes & due to 
the change in linking flux with the coil an emfis induced which is known as self induced emf & this 
phenomenon is known as self induction . This induced emf opposes the causes of Induction. The property 
ofthe coil or the circuit due to which it opposes any change ofthe current coil or the circuit is known as 
SELF - INDUCTANCE . It's unit is Henry . 


Coefficient of Selfinductance L = % ог ф.= и 
1 
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(ii 


10. 


11. 


L depends only on ; 
shapeoftheloop & 


medium 
1= current in the circuit . 
ф. = magnetic flux linked with the circuit due to the current i . 


| EU. ле 
selfinduced emf е, = oud (Li)=-L dt (if L is constant) 


Mutua INDUCTION : 

Iftwo electric circuits are such that the magnetic field due to a current in one is partly or wholly linked 
with the other, the two coils are said to be electromagnetically coupled circuits . Than any change of 
current in one produces a change of magnetic flux in the other & the latter opposes the change by 
inducing an emf within itself . This phenomenon is called Mutua. INpucrIoN & the induced етіп the 
latter circuit due to a change of current in the former is called MuTUALLY INDUCED ЕМЕ. The circuit 
in which the current is changed, is called the primary & the other circuit in which the emf is induced is 
called the secondary. The co-efficient of mutual induction (mutual inductance) between two 
electromagnetically coupled circuit is the magnetic flux linked with the secondary per unit current in the 
primary. 

dm _ Них linked with secondary 


= ——_____———— mutually induced emf. 


Mutual inductance = M = —— : г 
I, current in the primary 


= Шы. 3 w= м IfMi tant 
a Ty ate )=- m ( is constant) 
M depends оп (1) geometery ofloops (2) medium (3) orientation & distance of loops . 


SOLENOID : 

There is auniform magnetic field along the axis the solenoid 
(ideal : length >> diameter) 

В=иш where ; 

u = magnetic permeability of the core material ; 
n=number of turns in the solenoid per unit length ; 

1= current in the solenoid Е 

Self inductance ofa solenoid L – p, п?АГ; 

А = area of cross section of solenoid . 





SUPER CONDUCTION Loop IN Macnetic FIELD : 
К=0; в = 0. Therefore фм = constant. Thus in a superconducting loop flux never changes. 
(or it opposes 100%) 


(i) ENERGY STORED IN AN INDUCTOR : 
1 
М-- LP. 
2 


(i) | Energy of interation of two loops Ч =1,0ф, =1,ф, =МЦЬ , where М is mutual inductance . 
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12. Скоутн OF А CURRENT IN Ам L- R Circuit : 


= Ë (1-е) [ Ifinitial current =0 ] 


R 
DAS, 5 „29 
RC time constant of the circuit . 
mi 
№ = R 


(i) L behaves as open circuit at t= 0 [If i=0] 


(ii) L behaves as short circuit at t = oo always. 


L 
Curve (1) — TT Large 


L 
Curve (2) — m Small 


13. Decay Or CURRENT : 
Initial current through the inductor = I, ; 








Current at any instant i= Ije F!L 
1 
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EXERCISE-I 


The horizontal component of the earth’s magnetic field at a place is 3 x 10+ T and the dip is tan”! (4/3). 
A metal rod of length 0.25 m placed in the north-south position is moved at a constant speed of 
10cm/s towards the east. Find the e.m.f. induced in the rod. 

; b QË x 


A wire forming one cycle of sine curve is moved in x-y plane with velocity 





V= уд + Vj . There exist a magnetic field B = -B ok . Find the motional 
emf develop across the ends PQ of wire. "4 
A conducting circular loop is placed in a uniform magnetic field of 0.02 T, with its plane perpendicular to 


the field . If the radius ofthe loop starts shrinking at a constant rate of 1.0 mm/s, then find the emfinduced 
in the loop, at the instant when the radius is 4 cm. 





Find the dimension ofthe quantity where symbols have usual meaining. 


L 
RCV' 


A rectangular loop with a sliding connector of length /= 1.0 mis situated = 
in auniform magnetic field B = 2T perpendicular to the plane of loop. ФВ 
Resistance of connector is r= 20. Two resistances of 6Q and 30 are 60 1:54 32 
connected as shown in figure. Find the external force required to keep 

the connector moving with a constant velocity у = 2m/s. 


Two concentric and coplanar circular coils have radii a and b(>>a)as shown in figure. 
Resistance of the inner coil is R. Current in the outer coil is increased 
from 0 toi, then find the total charge circulating the inner coil. 


A honzontal wire is free to slide on the vertical rails of a conducting frame as shown х 
in figure. The wire has а mass m and length / and the resistance of the circuit is R. № 
auniform magnetic field B is directed perpendicular to the frame, 

then find the terminal speed of the wire as it falls under the force of gravity. 





A metal rod of resistance 20Q is fixed along a diameter of a conducting ring of radius 0.1 m and lies on 


x-y plane. There is a magnetic field В = (50Т) к. The ring rotates with an angular velocity 
© = 20 rad/sec about its axis. An external resistance of 100 is connected across the centre of the ring 
and rim. Find the current through external resistance. 


60 2 mH 

pese ин — 
In the given current, find the ratio of i, to i where i, is the initial (at t = 0) \ i E Sai 
current and i, is steady state (at t = oo) current through the battery. mis 77 i $ с; 


In the circuit shown, initially the switch is in position 1 for a long time. 
Then the switch is shifted to position 2 for a long time. Find the total 
heat produced in R,. 
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Q.12 


0.13 


0.14 


0.15 


0.16 


Q.17 


Q.18 


Q.19 


Q.20 


Q.21 


Q.22 


L = 10H 


Two resistors of 10Q and 20Q and an ideal inductor of 10H are connected =] 
to a 2V battery as shown. The key К is shorted at time R= 100 La 
t = 0. Find the initial (t = 0) and final (t — oo) currents through battery. ры, 


There exists a uniform cylindrically symmetric magnetic field directed along the axis оҒа cylinder but varying 
with time as В = kt. Ifan electron is released from rest in this field at a distance of ‘r’ from the axis of cylinder, 
its acceleration, just after it is released would be (e and mare the electronic charge and mass respectively) 


An emf of 15 volt is applied in a circuit containing 5 H inductance and 10 Q resistance. Find the ratio of 
the currents at time t = © and t= 1 second. 


A uniform magnetic field of 0.08 T is directed into the plane of the page and 
perpendicular to it as shown in the figure. A wire loop in the plane of the page has 
constant area 0.010 m?. The magnitude of magnetic field decrease at a constant rate 
of 3.0 x 104 Т5-!. Find the magnitude and direction of the induced етіп the loop. 





In the circuit shown in figure switch S is closed at time t = 0. Find the balia. 
charge which passes through the battery in one time constant. —. 


Two coils, 1 & 2, have a mutual inductance = M and resistances R each. A current flows in coil 1, which 
varies with time as: I, = kt? , where К is a constant and ' is time. Find the total charge that has flown 
through coil 2, betweent = 0 andt - T. 


In a L-R decay circuit, the initial current at t= 0 is I. Find the total charge that has flown through the 
resistor till the energy in the inductor has reduced to one-fourth its initial value. 


A charged ring of mass m= 50 gm, charge 2 coulomb and radius R = 2mis placed on a smooth horizontal 
surface. A magnetic field varying with time at a rate of (0.2 t) Tesla/sec is applied on to the ring in a direction 
normal to the surface of ring. Find the angular speed attained in atime t, = 10 sec. 


A capacitor C with a charge Q, is connected across an inductor through a e 4 à. 
switch S. Ifat t = 0, the switch is closed, then find the instantaneous charge q оп Т 7 
the upper plate of capacitor. 5 


A uniform but time varying magnetic field В = Kt—C ; (0 <t < C/K), where К and С are constants and 
t is time, is applied perpendicular to the plane of the circular loop of radius ‘a’ and resistance R. Find the 
total charge that will pass around the loop. 


А coil of resistance 3000 and inductance 1.0 henry is connected across an alternating voltage of frequency 
300/27 Hz. Calculate the phase difference between the voltage and current in the circuit. 


Find the value of an inductance which should be connected in series with a capacitor of 5 uF, a resistance 
of 10Q and an ac source of 50 Hz so that the power factor of the circuit is unity. 
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0.23 InanL-R series A.C circuit the potential difference across an inductance and resistance joined in series 
are respectively 12 V and 16V Find the total potential difference across the circuit. 


Q.24 When 100 volt D.C. is applied across a coil, a current of one ampere flows through it, when 100 V ac 
of 50 Hzis applied to the same coil, only 0.5 amp flows. Calculate the resistance and inductance of the 
coil. 


0.25 А50\, 100V lamp is to be connected to an ac mains of 200V, 50Hz. What capacitance is essential to 
be put in seirs with the lamp. 


List ofirecommended questions from LE. Irodov. 


3.288 to 3.299, 3.301 to 3.309, 3.311, 3.313, 3.315, 3.316, 3.326 to 3.329, 3.331, 
3.333 to 3.335, 4.98, 4.99, 4.100, 4.134, 4.135, 4.121, 
4.124, 4.125, 4.126, 4.136, 4.137, 4.141, 4.144 
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Q.1 


() 
(i) 
(ш) 


Q2 


Q.3 


(i) 
(ii) 


() 
(i) 


Q.6 


EXERCISE-II 


Two straight conducting rails form a right angle where their ends are joined. A 
conducting bar contact with the rails starts at vertex at the time t = 0 & moves 
symmetrically with a constant velocity of 5.2 m/s to the right as shown in figure. 
A 0.35 T magnetic field points out ofthe page. Calculate: 

The flux through the triangle by the rails & bar at t—3.0 s. 

The emfaround the triangle at that time. 

In what manner does the emf around the triangle vary with time . 





Two long parallel rails, a distance / apart and each having a resistance A 
per unit length are joined at one end by a resistance R. A perfectly 
conducting rod MN of mass m is free to slide along the rails without 
friction. There is a uniform magnetic field of induction B normal to the 
plane of the paper and directed into the paper. A variable force F is 
applied to the rod MN such that, as the rod moves, a constant current 
i flows through R. Find the velocity of the rod and the applied force F as 
function of the distance x of the rod from R 


A wire is bent into 3 circular segments of radius г = 10 cm as shown in 
figure . Each segment is a quadrant of a circle, ab lying in the xy plane, 
bc lying in the yz plane & ca lying in the zx plane. 

if a magnetic field B points iu che positive x direction, what is the 
magnitude of the emf developed in the wire, when B increases at the 
rate of 3 mT/s ? 

what is the direction of the current in the segment bc. x 





Consider the possibility of a new design for an electric train. The engine is driven by the force due to the 
vertical component of the earths magnetic field on a conducting axle. Current is passed down one coil, 
into a conducting wheel through the axle, through another conducting wheel & then back to the source 
via Ше other rail. 

what current is needed to provide a modest 10—KN force? Take the vertical component of the 
earth's field be 10 uT & the length of axle to be3.0m. 

how much power would be lost for each О of resistivity in the rails ? 

is such a train unrealistic ? 


A square wire loop with 2 m sides in perpendicular to a uniform magnetic field, 
with half the area of the loop in the field . The loop contains a 20 V battery with 
negligible internal resistance. If the magnitude of the field varies with time 
according to В = 0.042 — 0.87 t, with B in tesla & t in sec. 

What is the total emfin the circuit ? 

What is the direction of the current through the battery ? 





A rectangular loop of dimensions / & w and resistance R moves with 
constant velocity V to the right as shown in the figure. It continues to 
move with same speed through a region containing a uniform magnetic 
field B directed into the plane of the paper & extending a distance 3 W. 
Sketch the flux, induced emf & external force acting on the loop as a 
function of the distance. 
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Q.7  Arectangular loop with current I has dimension as shown in figure . Find the magnetic 
flux through the infinite region to the right of line PQ. 





0.8 A square loop of side 'a' & resistance R moves with a uniform velocity 
v away from a long wire that carries current I as shown in the figure. 
The loop is moved away from the wire with side AB always parallel to 
the wire. Initially, distance between the side AB of the loop & wire is 
а. Find the work done when the loop is moved through distance 'a' 
from the initial position. 


Q.9  Twolong parallel conducting horizontal rails are connected by a conducting 
wire at one end. A uniform magnetic field B exists in the region of space. A 
light uniform ring of diameter d which is practically equal to separation 
between the rails, is placed over the rails as shown in the figure. If resistance 
of ring is А, per unit length, calculate the force required to pull the ring with 
uniform velocity v. 


Q.10 A long straight wireis arranged along the symmetry axis of a toroidal coil of 
rectangular cross-section, whose dimensions are given in the figure. The number 
of turns on the coil is N, and permeability of the surrounding medium is unity. | 
Find the amplitude of the emf induced in this coil, ifthe current i= і cos at 
flows along the straight wire. 


ОЛ Auniform magnetic field B fills a cylindrical volumes of radius В. A metal 


rod CD of length /is placed inside the cylinder along a chord of the circular 
cross-section as shown in the figure. If the magnitude of magnetic field 
increases in the direction of field at a constant rate dB/dt, find the magnitude 
and direction of the EMF induced in the rod. 





0.12 Avariable magnetic field creates a constant emf E in a conductor ABCDA. 
The resistances of portion ABC, CDA and AMC are R,, R, and R, 
respectively. What current will be shown by meter M? The magnetic field 
is concentrated near the axis ofthe circular conductor. 





0.13 Inthe circuit shown in the figure the switched S, and S, are ЖЕ. Is, 
closed at time t = 0. After timet (0.1) /n 2 sec, switch S, is Eng n 


opened. Find the current in the circuit at time t = (0.2) д 2 sec. ш 
| іні 


0.14 Find the values of 7. and 1. с 1001, 300 


(i) immediately after the switch S is closed. SQ te E 
(1) long time later, with S closed. Г жа & 
(mi) ^ immediately after $ is open. 


(iv) longtime after S is opened. 
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0.15 


0.16 


017 


0.18 


0.19 


0.20 


Consider the circuit shown in figure. The oscillating source of emf deliver 
a sinusoidal emf of amplitude е „апа frequency o to the inductor L and 
two capacitors С. and С.. Find the maximum instantaneous current in 
each capacitor. 


Suppose the emf of the battery, the circuit shown varies with time + so the current 
is given by i(t) = 3 + 51, where / is in amperes & t is in seconds. Take R = 4Q, 
L=6H & find an expression for the battery emf as function of time. 





A current of 4 A flows in a coil when connected to a 12 V dc source. Ifthe same coil is connected to a 
12V, 50 rad/s ac source a current of 2.4 A flows in the circuit. Determine the inductance of the coil. Also 
find the power developed in the circuit ifa 2500 uF capacitor is connected in series with the coil. 


An LCR series circuit with 100€) resistance is connected to an ac source of 200 V and angular frequency 
300 rad/s. When only the capacitance is removed, the current lags behind the voltage by 60°. When only 
the inductance is removed, the current leads the voltage by 60?. Calculate the current and the power 
dissipated in the LCR circuit. 


A box P and a coil Q are connected in series with an ac source of variable frequency. The emfof source 
at 10 V. Box P contains a capacitance of 1 uF in series witha resistance of 32Q coil Q has a self-inductance 
4.9 mH anda resistance of 68Q series. The frequency is adjusted so that the maximum current flows in 
P and Q. Find the impedance ^f P and Q at this frequency. Also find the voltage across P and Q 
respectively. 


A series LCR circuit containing a resistance of 120€? has angular resonance frequency 4 x 10? rad s7}. 
At resonance the voltages across resistance and inductance are 60 V and 40 V respectively. Find the 
values of Land C. At what frequency the current in the circuit lags the voltage by 45?? 
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01 


0.2 


0.3 


0.4 


0.5 


(а) 
(b) 


EXERCISE HI 


Arectangular frame ABCD made ofa uniform metal wire has a straight connection 
between Е & Е made of the same wire as shown in the figure. AEFD is a square 
of side 1 m & EB = FC = 0.5 m. The entire circuit is placed in a steadily 
increasing uniform magnetic field directed into the place ofthe paper & normal 
toit. The rate of change of the magnetic field is 1 T/s, the resistance per unit 
length of the wire is 1 Q/m. Find the current in segments AE, BE & EF. 

[JEE '93, 5] 
An inductance L, resistance R, battery B and switch S are 
connected in series. Voltmeters V, and V, areconnected across duin к, 
Land R respectively. When switch is closed: L R 
(A) The initial reading in V, will be greater than in У... 
(B) The initial reading in V, will be lesser than У... 
(C) The initial readings in V, and V, willbe the same. © 
(D) The reading in V, will be decreasing as time increases. 





[JEE’93, 2] 
Two parallel vertical metallic rails AB & CD are separated by 1 m. They are 
connected at the two ends by resistance R, & R, as shown in the figure. A 
horizontally metallic bar L of mass 0.2 kg slides without friction, vertically down 
the rails under the action of gravity. There is a uniform horizontal magnetic field 
of 0.6T perpendicular to the plane of the rails, it is observed that when the 
terminal velocity is attained, the power dissipated in К, & К, аге 0.76 W & 
1.2 W respectively. Find the terminal velocity of bar L & value В, & R.. 
[JEE '94, 6] 





Two different coils have selfinductance 8mH and 2mH. The current in one coil is increased at a constant 
rate. The current in the second coild is also increased at the same constant. At a certain instant of time, 
the power given to the two coils is the same. At that time the current, the induced voltage and the energy 
stored in the first coil are |, У, and W, respectively. Corresponding values for the second coil at the 


same instant аге L, v, and W, respectively. Then: [JEE'94, 2] 
mes T йры S va У, _1 
(А) Т> "ma (B) h 4 (C) W, ; (D) i dm 


A metal rod OA of mass m & length r is kept rotating with a constant 
angular speed o in a vertical plane about a horizontal axis at the end O. 


The free end A is arranged to slide without friction along a fixed conducting Ay 
аа ring in Бе зале нш as that | "зү Auniform & шыш =. № қ 
magnetic induction B is applied perpendicular & into the plane of rotation a x (к N ЖА x 
as shown in figure. An inductor L and an external resistance R are b ge ] Ё 
connected through a switch S between the point О & a point С on the RS Nu. us 
ring to form an electrical circuit. Neglect the resistance ofthe ring and ыы М 

the rod. Initially, the switch is open. L 


What is the induced emf across the terminals of the switch ? 

(1) Obtain an expression for the current as a function of time after switch S is closed. 

(1) Obtain the time dependence ofthe torque required to maintain the constant angular speed, given that 
the rod OA was along the positive X-axis at t = 0. [JEE '95, 10] 
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Q.6 


9.7 


О.8 


0.9 


0) 
(и) 


0.10 


О.П 
@ 


(i) 


(ш) 


А solenoid has an inductance of 10 Henry & а resistance of 2 О. It is connected to a 10 volt battery. 
How long will it take for the magnetic energy to reach 1/4 of its maximum value ? 
[JEE '96, 3] 


Select the correct alternative. 

A thin semicircular conducting ring of radius R 15 falling with its plane vertical in 

a horizontal magnetic induction B . At the position ММО the speed of the ring is 

v & the potential difference developed across the ring is : 

ВулК 
2 


(С) т RBV & Qis at higher potential (D) 2RBV & Qisat higher potential 





3 





(A) zero (B) & Mis at higher potential 


[JEE'96, 2] 
Fill inthe blank. › 
A metallic block carrying current I is subjected to a uniform magnetic induction 





B j . The moving charges experience a force Е givenby which results 


in the lowering of the potential of the face 
[assume the speed of the carrier to be v] [JEE '96,2] 7 zÝ 


A pair ofparallel horizontal conducting rails ofnegligible resistance shorted 

at one end is fixed on a table. The distance between the rails is L. A 

conducting massless rod of resistance К can slide on the rails frictionlessly. 

The rod is tied to a massless string which passes over a pulley fixed to the 

edge of the table. A mass m, tied to the other end of the string hangs 

vertically. A constant magnetic field B exists perpendicular to the table. If 

the system is released from rest, calculate: 

the terminal velocity achieved by the rod. 

the acceleration of the mass at the instant when the velocity of the rod is half the terminal velocity. 
ПЕЕ 97, 5] 





А ситепіі=3.36 (1+ 21) x 10? Aincreases at a steady rate in a long straight wire. A small circular loop 
of radius 10? mis in the plane of the wire & is placed at a distance of 1 m from the wire. The resistance 
of the loop is 8.4 x 10? Q. Find the magnitude & the direction of the induced current in the loop. 


[REE '98, 5] 
Select the correct alternative(s). [ JEE '98,3 х2 =6 ,4x2=8] 
The SI unit of inductance, the Henry, can be written as : 
(A) weber/ampere (B) volt—second/ampere 
(С) joule/(amperey (D) ohm- second 


A small square loop of wire of side /is placed inside a large square loop of wire of side L(L >> /). The 
loop are co-planar & their centres coincide. The mutual inductance of the system is proportional to : 


f g » ety is 
(A) t (B) T (C) 7 (D) 





е 

A metal rod moves at a constant velocity in a direction perpendicular to its length . A constant, uniform 
magnetic field exists in space in a direction perpendicular to the rod as well as its velocity. Select the 
correct statement(s) from the following 

(A) the entire rod is at the same electric potential 

(B) thereis an electric field in the rod 

(C) the electric potential is highest at the centre ofthe rod & decreases towards its ends 

(D) the electric potential is lowest at the centre ofthe rod & increases towards its ends. 
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О. 13 


Q.14 


О. 15 


(а) 
(b) 
(c) 


Q.16 


Q.17 


An inductor of inductance 2.0mH,is connected across a charged capacitor of capacitance 5.01 F,and 
the resulting LC circuit is set oscillating at its natural frequency. Let Q denote the instantaneous charge on 
the capacitor, and I the current in the circuit .It is found that the maximum value of Q is 200 uC. 


when Q=100uC,what is the value of іш / dt| ? 


when О-200 uC ,what is the value of I? 
Find the maximum value of I. 


when I is equal to one half its maximum value, what is the value of |Q| 


Two identical circular loops of metal wire are lying on a table without touching each other. Loop-A 


carries a current which increases with time. In response, the loop-B [JEE '99] 
(A) remains stationary (B) is attracted by the loop-A 
(C) is repelled by the loop-A (D) rotates about its CM, with CM fixed 


А coil of inductance 8.4 mH and resistance 6Q is connected to a 12V battery. The current in the coil is 
1.0 Aat approximately the time 


(A) 500 s (B) 20s (C) 35 ms (D) 1 ms | JEE’99 | 

A circular loop of radius К, carrying current 1, lies inx-y plane with its centre at origin. The total magnetic 
flux through x-y plane is 

(A) directly proportional to I (B) directly proportional toR 

(С) directly proportional to К? (0) zero . [JEE '99] 


A magnetic field В = (В,у/а) k isinto the plane of paper in the +z direction. B, 
and а are positive constants. A square loop EFGH of side a, mass т and 
resistance R, in x-y plane, starts falling under the influence of gravity. Note the 
directions of x and y axes in the figure. Find 

the induced current in the loop and indicate its direction, 

the total Lorentz force acting on the loop and indicate its direction, 

an expression for the speed of the loop, v(?) and its terminal value. [JEE 99] 





Two circular coils can be arranged in any of the three situations shown in the figure. Their mutual inductance 
will be 


(A) maximum in situation (a) i > 0 

(B) maximum in situation (b) a= —50 

(С) maximum in situation (с) ‚ (а) (b) (c) 

(D) the same in all situations [JEE '2001, (Scr)] 


An inductor of inductance L = 400 mH and resistors of 
resistances В, =20 and В, = 20 are connected to a battery of 
e.m.f E= 12V as shownin the figure. The internal resistance of 
the battery is negligible. The switch S is closed at time t = 0. 
What is the potential drop across Las а function of time? After 
the steady state is reached, the switch is opened. What is the 
direction and the magnitude of current through R, as a function 
of time? [JEE '2001] 
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0.18 


0.19 


0.20 


(а) 
(b) 


Q.21 


Q.22 


Q.23 


Q. 24 


As shown inthe figure, P and О are two coaxial conducting loops separated 

by some distance. When the switch S is closed, a clockwise current І, 

flows in P (as seen by E) and an induced current I... flows іп О. The 

switch remains closed for a long time. When S is opened, a current Г, в 

flows їп О. Then the directions of I, adn I, (as seen by Е) аге: | [osse 

(A) respectively clockwise and anti-clockwise (B) both clockwise pu 

(C) both anti-clockwise (D) respectively anti-clockwise and clockwise 
[JEE 2002(Scr), 3] 


A short -circuited coil is placed ina time varying magnetic field. Electrical power is dissipated due to the 
current induced in the coil. Ifthe number ofturns were to be quadrupled and the wire radius halved, the 
electrical power dissipated would be [JEE 2002(Scr), 3] 
(A) halved (B) the same (C) doubled (D) quadrupled 





A square loop of side "а! with a capacitor of capacitance С is located 
between two current carrying long parallel wires as shown. The value of 
Tin the is given as I = I,sinot. 

calculate maximum current in the square loop. 
Draw a graph between charge on the lower plate of the capacitor v/s time. [JEE 2003] 





The variation of induced emf (e) with time (t) in a coil if a short bar magnet 
is moved along its axis with a constant velocity is best represented as 


ODL, epe ‹ срез: i 


[JEE 2004(Scr)] 
In an LR series circuit, a sinusoidal voltage V = V, sin 
ot is applied. It is given that L = 35 mH, К = 11 O, 


Ф 
Va 220 У 2:5 50 Hz and x = 22/7. Find 


the amplitude ofcurrent in the steady state and obtain 
the phase difference between the current and the voltage. 
Also plot the variation of current for one cycle on the 
given graph. [JEE 2004] 





An infinitely long cylindrical conducting rod is kept along + Z direction. A constant magnetic field is also 
present in + Z direction. Then current induced will be 
(A) 0 (B) along +z direction 
(C) along clockwise as seen from + Z (D) along anticlockwise as seen from + Z 
[JEE 2005 (Scr)] 


A long solenoid of radius a and number of turns per unit length п is enclosed 
by cylindrical shell of radius R, thickness d (d <<R) and length L. A variable 
current i-i sin ot flows through the coil. If the resistivity of the material of 
cylindrical shell is p, find the induced current in the shell. 

[JEE 2005 | 
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0.25 Inthe given diagram, a line of force of a particular force field is shown. Out of the following options, it 
can never represent 
(A) an electrostatic field 
(B) a magnetostatic field 
(C) a gravitational field ofa mass at rest 
(D) an induced electric field [JEE 2006] 


Comprehension —I 
The capacitor of capacitance C can be charged (with the help of a 


resistance R) by a voltage source V, by closing switch S, while keeping 
switch S, open. The capacitor can be connected in series 
with an inductor ‘L by closing switch S, and opening S}. 





Q.26 Initially, the capacitor was uncharged. Now, switch S, is closed and S, is kept open. If time constant of 
this circuit is т, then 
(A) after time interval t, charge on the capacitor is CV/2 
(B) after time interval 27, charge on the capacitor is СУ(1-е 2) 
(C) the work done by the voltage source will be half of the heat dissipated when the capacitor is fully 
charged. 
(D) after time interval 2х, charge on the capacitor is СУ(1-е”!) [JEE 2006] 


Q.27 After the capacitor gets fully charged, S, is opened and S, is closed so that the inductor is connected in 
series with the capacitor. Then, 
(A) att = 0, energy stored in the circuit is purely in the form of magnetic energy 
(B) at any time t > 0, current in the circuit is in the same direction 
(C) att? 0, there is no exchange of energy between the inductor and capacitor 





= 
(D) at any time t > 0, instantaneous current in the circuit may У £ [JEE 2006] 
y VL 
Q.28 Ifthe total charge stored in the LC circuit is Qù, then for t > 0 
(A) the charge on the capacitor isQ = Q, Е + 1 | 
2 LC. 
| СЕ ах 
(В) the charge on the capacitor is О = О, cos — - —— 
Жоо ie 
су: а20 
(С) the charge on the capacitor is О = тықта 
t 
(D) the charge on the capacitor is Q = AU SEC [JEE 2006] 
VLC dt? 
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Q.29 


0.30 


0.31 


0.32 


Comprehension -IV 

Magler Train: This train is based on the Lenz law and phenomena of electromagnetic induction. In this 
there is a coil on a railway track and magnet on the base of train. So as train is deviated then as is move 
down coil on track repel it and as it move up then coil attract it. 

Disadvantage of magler train is that as it slow down the forces decreases and as it moves forward so due 
to Lenz law coil attract it backward. 

Due to motion of train current induces in the coil of track which levitate it. 


What is the advantage of the train? [JEE 2006] 
(A) Electrostatic force draws the train (B) Gravitational force is zero. 

(C) Electromagnetic force draws the train (D) Dissipative force due to friction are absent 
What is the disadvantage of the train? 


(A) Train experience upward force due to Lenz's law. 
(B) Friction force create a drag on the train. 


(C) Retardation 
(D) By Lenz's law train experience а drag [JEE 2006] 
Which force causes the train to elevate up 
(A) Electrostatic force (В) Time varying electric field 
(C) magnetic force (D) Induced electric field [JEE 2006] 
Match the following Columns 
Column 1 Column 2 
(A) Dielectric ning uniformly charged (P) Time independent electrostatic field out of 
system 
(B) Dielectric ring uniformly charged (Q) Magnetic field 
rotating with angular velocity . 
(C) Constant current in ring 1, (R) Induced electric field 
(D) Current i= 1 cos ot in ring (S) Magnetic moment [JEE 2006] 
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EXERCISE-I 
01 10ңу 02 AV B, 203 50 uV QW T! Q5 2N 
uia r mgR 1 LE 
Q.6 Ss Q.7 B Q.8 А 09 оғ Q.10 28: 
11 = А ES A 
v (87 39" 
ек „ : 3 à А 3 
Q.12 я directed along tangent to the circle of radius г, whose centre lies on the axis of cylinder. 
2 | EL 
Q.13 ims, Q.14 ЗрУ, clockwise 0.15 —7 0.16 kMT?/(R) 0.17 LI/2R 
мгр, 
0.18 200 rad/sec Q.19 а= Оз үгс '*5 0.20 Cna?/R 021 л/4 
20 _ = 
Q.22 med Q23 20V 0.24 R=100W, 4/3 /х Hz Q25 C=92 uF 


EXERCISE-II 


i(R+ZAX) ZI mA(K +24) 
Q.1 (i) 85.22 Тағ; (ii) 56.8 У: (iii) linearly Q2 127) 4L MAU + 2Ax) 


ao Be 


033 (i) 2.4 x 105 V (ii) from c to b 0.4 (i) 3.3 x 108A, (ii) 1.0 x 1017W, (iii) totally unrealistic 








+b 
0.5 21.74 V, anticlockwise 0.6 0.7 b= È іп ч 
2325 212 2 ; 
ra V Но Гау |1 ар) 4B2vd b 
ов CT ms | = AXE f | а Q9 — 9.10 Мой jp, 
ån R 3a a 4 T TÀ ‚2л 


ШО л a —— Mi wast Se 
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ER, 


a = (bE = a 13 67/32A 
Qi Р О12 RR,+R,R;+RR, Q 2 


— SS 


014 (i, =i,=10/3 A, Gi) i, = 50/11 A; i, 730/11 A, (iti) i, = 0, i, =20/11 A, (iv) i, =i, =0 


0.15 G-. О. a а. Qube volt 
С 
jh (et ec] S2 jg Se ураа тн 
C о(С, +С). Ci C a(C; * C;) 
Q.17 0.08 H, 17.28 W Q.18 2A, 400W 0.19 770, 97.60, 7.7V, 9.76V 


Q.20 0.2 mH, Em 8 x 10? rad/s 


EXERCISE-III 


7 3 1 
0.1 1547395 А, pe yp Aste А О2Ар — Q3V-1 ms! В 0.4470, R,-0300 


Q4 ACD 
i Bor? [га | ai в2;* 
0.5 (а) Е = 5 Bar? (b) (i) I= ^R ‚ (1) T= I cos Qt + S om е 
L j | 
Q6 t= = n2=3.47 ес Q7D 0.8 evBk , ABDC | 
mg 
09(0 V, cii" 55 Gi) 2 2 010 L6zx10-3A-503 pA 


Q.11 () A B, C, D, (ii) В, (iii) B, (iv) (a)104A/s (b) 0 (c) 2A (d) 100 J3 uC 








Q.12 C 0.13 D Q.14 D 
Q.15 Q7 in anticlockwise direction, v = velocity at time t, БЕ, a Boa VR, 
Boa t 
R - 
(у= Ы 
Вга? 
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Q.20 


Q.22 


Q.23 


Q.25 


Q.29 


Q.32 


A ©.17 т" 


D 0.19 В 


а 
(2) Inge = Cho n2, (b) Q21B 










ИТ = 
у= 22042 sin ot 
“7-75. i= 20 sin (@t-n/4) 
` 


Т 9Т/8 









T ; 1 1 2 
200A. — un Steady state currenti 20sin 100. ] 1042 


2 A4? 
к 


718 та ТОЛ ат 
` 


“ 





a 


(Honi cosot)ra? (Ld) 
A 24 |S 
Q ; р2лК 
АС 026 B 027 D 0.28 C 
р 0.30 р 0.31 С 


(A) P; (B) P, Q, S; (С) 0,5; (D) QRS 
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0.1 


0.2 


0.3 


0.4 


0.5 


0.6 


0.7 


0.8 


0.9 


QUESTION FOR SHORT. ANSWER 


Are induced emfs and currents different in any way from emfs and currents provided by a battery 
connected to a conducting loop? 


Can a charged particle at rest be set in motion by the action of a magnetic field? If not, why not? If so, 
how? Consider both static and time-varying fields. 


In Faraday's law of induction, does the induced emf depend on the resistance ofthe circuit? If so, how? 






Figure shows a copper ring that is hung from a ceiling by two threads. Describe in detail 
how you might most effectively use a bar magnet to get this ring to swing 
back and forth. 


Two conducting loops face each other a distance d apart, as shown in figure. 
An observer sights along their common axis from left to right. A clockwise Z 
current i is suddenly established in the larger loop by a battery not shown. (a) p. 
What is the direction ofthe induced current in the smaller loop? (b) What is = 
the direction of the force (if any) that acts on the | 
М d 
smaller loop? Se 


A circular loop moves with constant velocity through regions where uniform 
magnetic fields of the same magnitude are directed into or out of the plane 
of the page, as indicated in figure. At which of the seven indicated positions 
will the induced current be (a) clockwise, 

(b) counterclockwise, and (c) zero? 





Can an induced current ever establish a magnetic field В that is in the same direction as the magnetic field 
inducing the current? Justify your answer. 


A plane closed loop is placed in a uniform magnetic field. In what ways can the loop be moved without 
inducing an emf? Consider motions both of translation and rotation. 


Figure (a) shows a top view of the electron orbit in a betatron. Electrons are accelerated in a circular 


orbit in the xy plane and then withdrawn to strike the target T. The magnetic field В is along the z axis 
(the positive 2 axis is out of the page). The magnetic field В, along this axis varies sinusoidally as shown 
in figure (5). Recall that the magnetic field must (i) guide the electrons in their circular path and (1) 
generate the electric field that accelerates the electrons. Which quarter cycle(s) in figure are suitable (a) 
according to (1), (b) according to (п), and (с) for operation of the betatron? 
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Q.10 
(i) 


(1) 
(ii) 


(iv) 


(v) 


ои 


0.12 


О.13 


014 


0.15 


0.16 


0.17 


А piece of metal and a piece of non-metallic stone are dropped from the same height near the surface of 
the earth. Which one will reach the ground earlier? 


A metallic loop is placed in a nonuniform magnetic field. will an emf be induced in the loop ? 


А wire loop is held with its plane horizontal. A magnet with its north pole downward is allowed to fall 
through it from some height. Will the magnet fall with constant acceleration? What will happen if the poles 
are reversed? 


A magnet is dropped down into long vertically copper tube . Show that, even neglecting air resistance 
the magnet will reach a constant terminal velocity . 


Amagnet is dropped from the ceiling along the axis of a copper loop lying flat on the floor. If the falling 
magnet is photographed with a time sequence camera, what differences, if any will be noted if, 
(i) the loop is at room temperature (и) the loop is packed in dry ice ? 


Acopper ring is suspended in a vertical plane by a thread. A steel bar is passed through the ring in the 
horizontal direction which is perpendicular to the plane of the loop. Then a magnet is similarly passed 
through the loop. Will the motion of the magnet and the bar affect the position of the ring? 


Ifthe magnetic field outside a copper box is suddenly changed, what happens to the magnetic field inside 
the box ? Such low-resistivity metals are used to form enclosures which shield objects inside them 
against varying magnetic fields. 


Metallic (nonferromagnetic) and nonmetallic particles in a solid waste may be separated as follows. The 
waste is allowed to slide down an incline over permanent magnets. The metallic particles slow down as 
compared to the nonmetallic ones and hence are separated. Discuss the role of eddy currents in the 
process. 


Ajet plane is flying due north . A potential difference is produced between he wing tips of the plane. Will 
a passenger sitting inside the plane also expect some emf between the wing tips? Will a tiny bulb connected 
to the wing tips glow? 


Is the inductance per unit length for a solenoid near its centre ; 
(a) the same as(b) lessthan or (c) greater than 
the inductance per unit length near its ends ? 


Two solenoids A & B have the same diameter & length & contain only one layer of windings, with 
adjacent turns touching, insulation thickness being negligible . Solenoid A contains many turns of fine wire 
& solenoid B contains fewer turns of heavier wire. 

(1) which solenoid has the larger inductance ? 

(i) which solenoid has the larger inductive time constant ? (material is same) 


If the flux passing through each turn ofa coil is the same, the inductance of the coil may be computed 
Nog 
fromL= ; .How might опе compute L fora coil for which this assumption is not valid . 
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0.18 


0.19 


О.20 


0.21 


0.22 


0.23 


0.24 


0.25 


0.26 


If acurrent in a source of emfis in the direction of the emf, the energy of the source decreases, if a current 
is та direction opposite to the emf (as in charging a battery), the energy of the source increases . Do 
these statements apply to the inductor . 


Does the time required for the current in particular LR circuit to build up to any given fraction of its 
equilibrium value depend on the value ofthe applied emf. 


A steady current is set up in a coil with a very large inductive time constant . When the current is 
interupted with a switch a heavy arc tends to appear at the switch blades . Explain? [Note : interrupting 
currents in highly inductive circuits can be dangerous] 


What is the advantage of placing the two electric wires carrying ac close together? 


In an LR series circuit the self induced emf is a maximum at the instant the switch is closed. How can this 
be sincethere is no current in the inductance at this instant . 


Explain what is meant by the statement “A motor acts as a motor and generator at the same time.” Can 
the same be said for a generator? 


Inatoroid, is the energy density larger near the inner radius or near the outer radius ? 
Two circular loops are placed with their centres separated by a fixed distance. How would you orient 


the loops to have (a) the largest mutual inductance (b) the smallest mutual inductance ? 


If the resistance R in the left hand circuit of figure is increased, what is the >< 
direction of the induced current in the right hand circuit ? 2 


Е°—» 
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ONLY ONE OPTION IS CORRECT. 


Take approx. 2 minutes for answering each question. 


ж 


RS 


‚оз 


кл” 


Q А | 


An electron is moving in a circular orbit of radius R with an angular acceleration a. At the centre of the 
orbit is kept a conducting loop of radius г, (т <<R). The e.m.f induced in the smaller loop due to the 
motion of the electron is 


З er^ 
(A) zero, since charge on electroninconstant (B) Eu о 


(С) HoT a (D) none ofthese 

4nR 
a conducting loop of radius R is present in a uniform magnetic field B 
perpendicular the plane of the ring. Ifradius R varies as a function of time ‘t’, as 
R=R +t. The e.m.f induced in the loop is 
(А) 21(R, +В clockwise (B) x(R, + t)B clockwise 
(C) 2n(R, + t)B anticlockwise (D) zero 


Awire loop is placed іп a region of time varying magnetic field which is oriented orthogonally to the plane 
of the loop as shown in the figure. The graph shows the magnetic field variation as the function of time. 
Assume the positive emf is the one which drives a current in the clockwise direction and seen by the 
Observer in the direction of B. Which of the following graphs best represents the induced emf as a 
function oftime. 


dB afir ole ө} 


A square wire loop of 10.0 cm side lies at right angles to a uniform 
magnetic field of ZOT. A 10 V light bulb is in a series with the loop as : 
shownin the fig. The magnetic field is decreasing steadily to zero over a к 
time interval At. The bulb will shine with full brightness if At is equal to 

(A) 20 ms (B) 0.02 ms 

(C) 2 ms (D) 0.2 ms 


A long straight wire is parallel to one edge as in fig. If the current in the long wire is varies in time as 
1= Те, what will be the induced emfin the loop? 


uobl | (da) ном (а+а) — 
(A) pes In| CHE | (В) oa ніш a i н 


2.461 d+a 
z іп! —| 
\ 




















(C) 





А rectangular loop with а sliding connector of length Ins emis ШЕЙН in 
uniform magnetic field perpendicular to plane ofloop. The magnetic 
induction is 0.1 tesla and resistance of connector (R) is 1 ohm. The 
sides AB and CD have resistances 2 ohm and 3 ohm respectively. Find 
the current in the connector during its motion with constant velocity one 
metre/sec. 





| Ам У 
(А) тол (В) === 220^ (С) 55 А (D) —— А 
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Q9 


(0:12 


2 


n 024 


\_ 815 


The magnetic flux through a stationary loop with resistance R varies during interval of time T as ¢ = at 
(T —t). The heat generated during this time neglecting the inductance of loop will be 











273 2т2 2 2т3 
а“Т а“Т а“Т а“Т 
А C) — 
A B) = Oo С) 
The dimensions of permeability of free space can be given by 
(A) [MLT? A?] (B) [MLA?] (С) [ML? T? A?] (D) [MLA"] 


A wire as a parabola y = a x? is located in a uniform magnetic field of inductance B, the vector B being 
perpendicular to the plane xy. At the moment t — 0 a connector starts translation wise from the parabola 
apex with a constant acceleration @ to find the emf of electromagnetic induction in the loop this formed 
as a function of y 








I20 | 24 

(As, =2 Ву - (В) є, = Ву Va 
By |20 _ By fo 
Оз үа Qu а 


A thin circular ring of area 1072 m? is held perpendicular to a uniform magnetic field ofinduction 0.1 Т. 
A small cut is made in the ring and the galvanometer is connected across the ends such that the total 
resistance of the circuit is 0.1 О. The ring is squeezed to area 0.5 х10-2 m? in time 0.1 sec. The average 
induced current in the circuit is 

(A) insufficient data В) 9.05 A (С)0.5А (D)5A 


A closed planar wire loop ofarea A and arbitrary shape is placed in a uniform magnetic field of magnitude 
B, with its plane perpendicular to magnetic field. The resistance ofthe wire loop is В. The loop is now 
turned upside down by 180? so that its plane again becomes perpendicular to the magnetic field. The 
total charge that must have flowed through the wire ring in the process is 

(A) < AB/R (B) = AB/R (C) = 2AB/R (D) None 


A square сой ABCD is placed in x-y plane- with its centre at origin. A long 
straight wire, passing through origin, carries a current in negative z-direction. 
Current in this wire increases with time. The induced current in the coil is : 

(A) clockwise (B) anticlockwise 

(C) zero (D) alternating 


A vertical bar magnet is dropped from position on the axis ofa fixed metallic 
coil as shown in fig - I. In fig - II the magnet is fixed and horizontal coil is 
dropped. The acceleration ofthe magnet and coil are a, and a, respectively 


3 
then 
C ped gall 





(4)a 78,278 (B)a,>g,a,<g | 

(C)a,<g,a,<g (D)a,<g,a,>g fig - I fig-Il 
Two identical coaxial circular loops carry a current ; each circulating in the same direction. Ifthe loops 
approach each other 


(A) the current in each will decrease (B) the current in each will increase 
(C) the current in each will remain the same 


(D) the current in one will increase and in other will decrease 


A long straight conductor is placed along axis ofa circular coil of radius В. Ifthe current, 
as shown in figure, starts decreasing with time, the current induced in loop would be 
(A) clockwise (ACB) (B) anticlockwise (ABC) 

(C) can not be decided (D) there will be no induced current. 


t 
к=” 
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In along hollow vertical metal pipe a magnet is dropped. During its fall, the acceleration of magnet: 
(A) will decrease linearly 

(B) will decrease upto a value which is less than g. 

(C) will decrease to zero and will attain a terminal speed 

(D) may increase or decrease 


In the arrangement shown in given figure current from A to B is increasing in magnitude. Induced current 


in the loop will ж” 

(А) have clockwise direction -"-—- 

(B) have anticlockwise direction ; Ми 

(С) be zero jM me 


(D) oscillate between clockwise and anticlockwise 


An electric current i, can flow either direction through loop (1) and induced 


current i, in loop (2). Positive i, is when current is from'a' to 'b'inloop(1) | \Поор (1) 
UR. + 1 А EDS \ —4 

and positive i, is when the current is from с to 'd' in loop (2) \ a d& | 

In an experiment, the graph ofi, against time “ is as shown below i ад Y loop (2) 





i, | cl la 
\ ; 
0 t 


Which one(s) ofthe following graphs could have caused i, to behave as give above. 











A bar magnet is released from rest along the axis of a very long, vertical copper tube after some time, the 
magnet 


(A) will stop the tube (B) will move with almost constant speed 
(C) will move with acceleration g (D) will oscillate 
Figure shows a bar magnet and a long straight wire W, carrying current into the P 


plane of paper. Point P is the point of intersection of axis ofmagnetandtheline ^ N[ — ]5 
of shortest distance between magnet and the wire. IfP is the midpoint of the | 
magnet, then which of the following statements is correct ? ® 

(A) magnet experiences a torque in clockwise direction W 

(B) magnet experiences a torque in anticlockwise direction 

(C) magnet experiences a force, normal to the line of shortest distance 

(D) magnet experiences a force along the line of shortest distance 


Asquare coil ABCD is lying in xy plane with its centre at origin. Alng straight 
wire passing through origin carries a current į = 2t in negative z-direction. The 
induced current in the coil is 

(A) clockwise (B) anticlockwise 

(C) alternating (D) zero 
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0/22 Anegative charge is given to a nonconducting loop and the loop is rotated in the ОХ УЛ 
plane of paper about its centre as shown in figure. The magnetic field produced 


by the ring affects a small magnet placed above the ring in the same plane: $ IN 
(A) the magnet does not rotate EN 
(B) the magnet rotates clockwise as seen from below. Ө 


(С) the magnet rotates anticlockwise as seen from below 
(D) no effect on magnet is there. 


0.23 Twoinfinitely long conducting parallel rails are connected through a capacitor C е өв 

| as shown in the figure. A conductor of length / is moved with constant speed 
V, Which of the following graph truly depicts the variation of current 
through the conductor with time ? 





t (time) 





t (time) 
Current 7 Current T 
I(t) I(t) 
(© (D) РЕ 
1=0 t (time) 222 t(time) 


Q24 Two identical conductors P and Q are placed ontwo fiictionless rails R and 
i S in a uniform magnetic field directed into the plane. If P is moved in the 
direction shown in figure with a constant speed then 
rodQ 
(A) will be attracted towards P 
(B) will be repelled away from P 
(C) will remain stationary 
(D) may be repelled or attracted towards P 





20/25  Thefigure shows an isosceles triangle wire frame with apex angle equal to 7/2. The 3 Ж 

ж frame starts entering into the region ofuniform magnetic field В with constant velocity ‚В, 
у аїї= 0. The longest side of the frame is perpendicular to the direction of velocity. » 

If iis the instantaneous current through the frame then choose the alternative showing 

the correct variation ofi with time. =0 


(А) / | (В) — © / 4 | (D) и | 


_ 0.26 A thin wire of length 2m is perpendicular to the xy plane. It is moved with velocity у = (21 9 3) + k) m/s 


through a region of magnetic induction В = (1-- 2j) Wb/ m” . Then potential difference induced between 


the ends of the wire : 
(A) 2 volts (B) 4 volts (C) 0 volts (D) none of these 
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0277 A long metal bar of 30 cm length is aligned along a north south line and moves eastward at a speed of 10 


Я 0:28 


0.29 


1 0-33 


ms '. Auniform magnetic field of 4.0 T points vertically downwards. If the south end of the bar has a 
potential of 0 V, the induced potential at the north end of the bar is 
(A)+12V (В)-12У 
(C)OV (D) cannot be determined since there is not closed circuit 


A square metal loop of side 10 cm and resistance 1 О is moved with a constant 
velocity partly inside a magnetic field of 2 Wom”, directed into the paper, as 
shown in the figure. This loop is connected to a network of five resistors each of * 
value 3 Q. Ifa steady current of 1 mA flows in the loop, then the speed of the 4% KS 
loop is 

(A) 0.5 cms"! (В) 1 стѕ1  (C)2cms'! (D) 4 cms"! 
Two conducting rings P and Q ofradii r and 2r rotate uniformly in opposite 
directions with centre of mass velocities 2v and v respectively on a 
conducting surface S. There is a uniform magnetic field of magnitude В 


хх 


perpendicular to the plane of the rings. The potential difference between duc B ( ‹ \ Y. 
the highest points ofthe two rings is V OX v 
(A) zero (В) 4Вуг Р 5 9 


(С) 8 Вуг (О) 16 Вуг 
Two coils, X and Y, are linked such that emf E is induced in Y. when the current in X is changing at the rate 


Е dI , 
| = a) . Ifa current Ij is now made to flow through Y, the flux linked with X will be 


(A) Ely I (В) B I, (С) (ED)I, (p) 191 


A conductor AB of length / oriented along x-axis moves in XY plane with velocity v =v, ( - i). A 
magnetic field B = By ( + i) exists in the region. The induced emfis 


(A) V2 Ву, (В) 2Bjlv, (СВ (D) zero 


А conducting rod moves with constant velocity о perpendicular to the long, 
straight wire carrying a current I as shown compute that the emf generated 
between the ends of the rod. 


рой оой 257 шоу 
a= TEX ес О 


Tr 





Ат” 


A conducting rod of length / moves with velocity 9 a direction parallel to a long wire carrying a steady 
current I. The axis of the rod is maintained perpendicular to the wire with near end a distance r away as 
shown in the fig. Find the emf induced in the rod. 





Hold , (=) 2419 nf nam 
y nnd 


(A) (B) In 











ugly. ( 4 шо (1+1 
бан Ф) 7 in| 





Улт 
ait 


Г 
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0:37 


0:39 


‚ O41 


A square loop of side a and resistance R is moved in the region of uniform magnetic field B(loop 
remaining completely insidefield) ,with a velocity v through a distance x . The work doneis : 

В/2ух 2В?/?ух 4В2 ух 
(A) == y o= 
A metallic rod of length L and mass Mis moving under the action of two unequal forces Е, and F, (directed 
opposite to each other) acting at its ends along its length. Ignore gravity and any external magnetic field. If 
specific charge of electrons is (e/m), then the potential difference between the ends of the rod is steady state 
must be 


(А) |F,-F,|mL/eM (В) (R-F,)mL/eM (C)[mL/eM ]/n [F//F;] (D) None 


Two parallel rigid wires are fixed at a distance ‘d’ apart, with each wire in a vertical position. The top 
ends of the two wires are connected through an ideal inductor of inductance L. A straight connector of 
mass M can slide freely up and down, maintaining electrical contact with the two wires, in a horizontal 
position. A uniform magnetic field exists perpendicular to the plane of the wires. Ifthe connector is 
released from rest, the graph of its downward velocity with time is : 

TO AT 


(A) Po? (с) | gi 2 Ope 


А год closing the circuit shown in figure moves along a U shaped wire at a constant 
speed у under the action of the force Е The circuit is in a uniform magnetic field 
perpendicular to the plane. Calculate F if the rate of heat generation in the circuti 15 О. 
Q V RR. 
(A) F = Qv (Bue zy (OF-g (D) F= JQv 
Two parallel long straight conductors lie on a smooth surface. Two other parallel conductors rest on 
them at right angles so as to form a square of side a initially. A uniform magnetic field B exists at right 
angles to the plane containing the conductors. They start moving out with a constant velocity v. Ifris the 
resistance per unit length of the wire the current in the-circuit will be 





(D) none 








Bv Br 
(A) DE (B) E (C) Bvr (D)Bv 
There is a uniform magnetic field B normal to the xy plane. A conductor ABC has length AB = /, parallel 
to the x-axis, and length BC = р, parallel to the y-axis. ABC moves in the xy plane with velocity 


v,i EVY j . The potential difference between A and C is proportional to 
(A) v,J, + vh (B) vh + vyl i 
(С) vh — vl (D) v,/, - vL 


A conducting rod PQ of length 5 m oriented as shown in figure is moving with 





velocity (2 m/s) i without any rotation in auniform magnetic field (3 + 4k) Tesla. 


Emf induced in the rod is 
(A) 32 Volts (B) 40 Volt (C) 50 Volt (D) none 





An equilateral triangular loop ADC of some finite magnetic field В asshownin х 
the figure. At time t= 0, side DC of loop is at edge of the magnetic field. Magnetic х х /^ 
field is perpendicular to the paper inwards (or perpendicular to the plane of the x 
coil). The induced current versus time graph will be as x 


(A) в) |” (С) 





t 
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0.45 


In the circuit shown in figure, a conducting wire HE is moved with а constant 
speed V towards left. The complete circuit is placed in a uniform magnetic 


field B perpendicular -to the plane of the circuit directed in inward direction. 
The current in HKDE is 

(A) clockwise (B) anticlockwise 

(C) alternating (D) zero 





The magnetic field in a region is given by В = B, (1 + * . Asquare loop of edge - length d is 
a 


placed with its edge along x & y axis. The loop is moved with constant velocity V = V, . The emf 


induced in the loop 15 


V,B,d* V,B,d* V,B,a* 
a= (На (Сус (О) None 
а 2a - d 
When a ‘J’ shaped conducting rod is rotating in its own plane with constant x x х x x 


angular velocity w, about one of its end Р, ina uniform magnetic field В directed 





s " 
normally into the plane of paper) then magnitude of emfinduced acrossit willbe ” Q 
X 
= 14 1 Р 
(A)Bo 12 +/? (в) Bol’ x X ххххх > 
1 1 
(C) Во? +Г) (D) Вей 
A metal disc rotates freely, between the poles of a magnet in the direction S 
indicated. Brushes P and Q make contact with the edge ofthe disc and |21015 
the metal axle. What current, if any, flows through R? pbi. 3 R 
(A) acurrent from P to О 4 ҰС 2/0 
(B) a current from Q to P 


(C) no current, because the emf in the disc is opposed by the back emf | S | 
(D) no current, because the emfinduced in one side ofthe disc is opposed 

by the emf induced in the other side. 

(E) no current, because no radial emf'is induced in the disc 


For L-R circuit, the time constant is equal to 

(A) twice the ratio ofthe energy stored in the magnetic field to the rate of dissipation of energy in the 
resistance 

(B) ratio ofthe energy stored in the magnetic field to the rate of dissipation of energy in the resistance 
(C) halfthe ratio of the energy stored in the magnetic field to the rate of dissipation of energy in the 
resistance - 

(D) square of the ratio of the energy stored in the magnetic field to the rate of dissipation of energy in the 
resistance 


Arectangular coil of single turn, having area A, rotates in a uniform magnetic field B an angular velocity 
о about an axis perpendicular to the field. If initially the plane of coil is perpendicular to the field, then the 
average induced е.т.Ғ when it has rotated through 90? is 
ФВА ВА 

А (В) x 
Aring of resistance 100, radius 10cm and 100 turns is rotated at a rate 100 revolutions 
per second about a fixed axis which is perpendicular to a uniform magnetic field of induction 10mT. The 
amplitude of the current in the loop will be nearly (Таке : x = 10) 
(A) 200A (B) 2A (С) 0.002А (D) none of these 











C ФӘВА 20BA 
4т i 
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A copper rod AB о length L, pivoted at one end A, rotates at constant angular velocity o, at right angles 
to a uniform magnetic field of induction B. The e.m.fdeveloped between the mid point C of the rod and 
end В 1$ > 

Bol’ Bo/^ 3Во1? _ 3Во/2 ( "E | 
(В) (С) бугт pne R 
Figure showsauniform magnetic field B confined toa cylindrical volume and is increasing 
at a constant rate. The instantaneous acceleration experienced by an 



















(A) 





electron placed at P is 

(A) zero (B) towards right 

(C) towards left (D) upwards 

A triangular wire frame (each side = 2m) is placedinaregionoftime variant — we nA 
magnetic field having dB/dt — 43 T/s. The magnetic field is perpendicular tothe ~ X x/ М X з ^ | 
plane of the triangle. The base of the triangle AB has a resistance 1 О while ће : ~ / ы А, а 
other two sides have resistance 20 each. The magnitude of potential difference ` `` / NA 
between the points A and B will be ‘Ay XX. B. 
(A) 0.4 V (B) 0.6 V (С) 1.2 V (D) None "ООУ? 

In the adjoining circuit, initially the switch S is open. The switch ‘S’ is closed к= 
att = 0. The difference between the maximum and minimum current that 0.1H 100 
can flow in the circuit is fa 

(A) 2Amp ; (B)3 Amp ^v 

(С) 1 Amp (D) nothing can be concluded 

The ratio oftime constant in charging and discharging in the A 

circuit shown in figure is 2R L 

(A)1:1 (B)3:2 Р 

(С) 2:3 (D) 1:3 E34 


i ? У 
InanL-R circuit connected to a battery of constant e.m.f. E switch S is closed at timet = 0. Ife denotes 
the magnitude of induced е.т.Ё across inductor and і the current in the circuite at any time t. Then which 
of the following graphs shows the variation ofe with i? 





Acurren of 2A is increasing at a rate of 4 A/s through a coil of inductance 2H. The energy stored in the 
inductor per unit time 1$ 
(A) 2 J/s (B) 1 J/s (C) 16 J/s (D) 4 J/s 


Two identical inductance carry currents that vary with time according to linear ! 
laws (as shown in figure). In which of two inductance is the self induction emf 
greater? 

(A) 1 

(В) 2 

(С) same 

(D) data are insufficient to decide 
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The current in the given circuit is increasing with а rate a= 4 amp/s. PIN 


The charge on the capacitor at an instant when the current in the 


circuit is 2 amp will be : SR-IQ 
(A) 4uC (В) 5uC — 
(C) бис (D) none ofthese І-ІН C-3yuF 


L, C and R represent physical quantities inductance, capacitance and resistance. The combination which 
has the dimensions of frequency is 


са Ope, (ОС D£ 

A coil of inductance 5H is joined to a cell ofemf 6V through a resistance 100 at time t = 0. The emf 
across the coil at time t = а /2 sis: 

(A)3V (В) 1.5 V (С) 0.75 V (D) 4.5 V 

Along solenoid of N turns has a self inductance L and area of cross section A. When a current i flows 


through the solenoid, the magnetic field inside it has magnitude B. The current i is equal to: 
(A) BAN/L (B) BANL (C) BN/AL (D) B/ANL 


A long straight wire of circular cross-section is made of a non-magnetic material. The wire is of radius а. 
The wire carries a current I which is uniformly ditributed over its cross-section. The energy stored per 
unit lenght in the magnetic field contained within the wire is 


uol” uol uol? Hol” 

A)U- — B) U = —— CUS == D) U = 

(А) 8n (8) 167 ©) 4л (b) 20 

The network shown in the figure is part of a complete circuit. If at a 

certain instant, the current I is 5A and it is decreasing at a rate of Не) et —. B 
103 As then V,—V, equals 15У 
(А)20У (В)15У (С)10У (D)5V 
In Problem 62, if I is reversed in direction, then V, – V equals 
(A)5V (В)10У (С)15У (D) 20 V 


Two resistors of 10 О and 20 © and an ideal inductor of 10 H are connected to 
a2 V battery as shown. The key К is inserted at time t =0. The initial (t= 0) and 
final (t —0o) currents through battery are 











200 
] ] | | 
(A) А, To А (В) 17 А, 15 А 
С 5 А, aaf D) | A 2 
VHS Ты (0) 15 5 25 ^ 
‚ 055  Asmall coil of radius r is placed at the centre of a large coil of radius В, where К >> г. The coils are 
1 coplanar. The coefficient inductance between the coils is 
Ног цолг? олг? Hon 
A= В 2) 5 
(AR (Box (7 (D) эк? 
# 

1224 66 Two long parallel wires whose centres аге a distance d apart carry equal currents in opposite directions. 
If the flux within wires is neglected, the inductance of such arrangement of wire of length / and radius a 
will be 

pee yp es, ^ epo ee Б 
(A)L= = log, — (BYL--S-lg,- (C)L= == log, (Р) none 
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Q&T The inductor ina L-C oscillation has a maximum potential difference of 16 V and maximum energy of 
160 uJ. The value of capacitor in LC circuit is 
(A) 0.8 uF (B) 0.625 ШЕ (С) 1.6 pF (D) 1.25 нЕ 

. O6 $ Inthe circuit shown, the cell is ideal. The coil has an inductance of 4H and L 

zero resistance. F is a fuse of zero resistance and will blow when the current fuse 

through it reaches 5A. The switch is closed at t=0. The fuse willblow: 55 

(A) just after t=0 (B) after 2s | 

(С) айег 55 (О) after 10s 2У 

9% А coil ofinductance L and zero resistance is connected to a source of variable emf at t= 0. The emf of 

the source is varied with time according to the graph shown on the right above. What will be the average 
current that flows through the coil during time T? 





(A) V)T/2L (B) VoT/3L 
ы... (С) ЗУ 10/28 (D) VoT/L 
> 
QT 0 > Inthe LR circuit shown, what is the variation of the current I asa function 
« /  oftime? The switch is closed at time t = 0 sec. 
Rt 

V m .R 

Yet | vo 
A B)—e 
( М | (B) = 

у 28 

(C) - x e L (D) None 


In the circuit shown, X is joined to Y for a long time, and then X is 


V joined to Z. The total heat produced in R, is : ў 
LE“ LE: LE? ТЕ?В.. 18986 — B 
(oR? Өзі ORR P m? Р | 
I 


R 

‚ Q72  Aninduction coil stores 32 joules of magnetic energy and dissipates energy as heat at the rate of 320 
watts. When a current of 4 amperes is passed through it. Find the time constant of the circuit when the 
coil is joined across a battery. 











(A) 0.2 $ (В) 0.15 (С) 0.3 $ (Ы) 0.46 
(“73 The figure shows а part of a complete circuit. The potential 5 
= : О . о ] IO mH 
difference V, — V A when the current I is 5A and is decreasing at о ANNA Ло 
arate of 10? As! is given by A 15V B 
~ (A)15 V. (B)10 V (C)-15 V (D)20 V 


5674 74) InaL-R decay circuit, the initial current at t=0 is I. The total charge that has flown through the resistor 
till the energy in the inductor has reduced to one-fourth its initial value, 15 
(A) LI/R (В) LI/2R (С) Li/2/R (D) None 
‚ 275 Acapacitor of capacitance 2 uF is charged to a potential difference of 12 V. It is then connected across 
an inductor of inductance 0.6 mH. The current in the circuit when the potential difference across the 


capacitor is 6 V is: 
(A) 3.6A (В) 24А (С) 12А (D) 0.6A 
1 


: lox] 
d Li 
1S 
max 


Q^ 6 InanLC circuit, the capacitor has maximum charge q,. The value of ү, 
- р Be d dt 





Чо 


Чо 
(Ay = (B) Vic (C ТС -1 (D) none of these 
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An inductor coil stores U energy when i current is passed through it and dissipates energy at the rate of P. 
The time constant of the circuit, when this coil is connected across a battery of zero internal resistance is 


U U 2U 2P 
“a> 8) 5 OF т 


The mutual inductance between the rectangular loop and the long straight wire 
as shown in figure is M. 





Hoa с 
= іш Іп 1+- 
(A) M=Zero (8)М=5= | a 
щоб. [a+c Hoa b) i 
2 DAWES > Робна 
ме n| b | DM | с, 


A long straight wire is placed along the axis ofa circular ring of radius В. The mutual inductance of this 
system is 





HoR LotR Ho 
(A= (в) —— ©; (р) 0 
Тһе power factor of the circuit is 1/ J2 . The capacitance ofthe circuit eoe 
is equal to 
(A) 400 uF (B) 300 uF 02 01H 
(C) 500 uF (D) 200 uF C 
An ac-circuit having supply voltage E consists ofa resistor of resistance ЗО and а X, 
an inductor of reactance 4€) as shown in the figure. The voltage across the 
inductor at t= T/2 is | 
(A) 2 volts (B) 10 volts 
(C) zero (D) 4.8 volts E=10 sin ot 
In the circuit, as shown in the figure, if the value of R.M.S current is 
2.2 ampere, the power factor ofthe box is а 

п Henry 
| 

(А) “% (В)1 о 

B 1 У пу = 220 volt. ө-100л6! 
(C) P (D) = 


When 100 V DC is applied across a solenoid a current of 1 A flows in it. When 100 V AC is applied 
across the same coil, the current drops to 0.5 A. If the frequency of the AC source is 50 Hz, the 
impedance and inductance ofthe solenoid are: 

(А)1000,0.93Нн  (B) 2009, 1.0H (C) 10Q, 0.86H (D) 2009, 0.55H 

An inductive circuit contains resistance of 10 Q and an inductance of 2.0 H. Ifan AC voltage of 120 V 
and frequency 60 Hz is applied to this circuit, the current would be nearly: 


(A)0.8A . (B)048A (C) 0.16A (D) 0.32А 

The power in ac circuit is given by P Е, „І. ... cos. The vale of cos ф in series LCR circuit at resonance is: 
1 | 

(А) zero (В) | (С) 2 (D) 5 


›, Inac circuit when ac ammeter is connected it reads i current ifa student uses dc ammeter in place of ac 


ammeter the reading in the dc ammeter will be: 


(А) > - (B) 42i (C) 0.6371 (D) zero 


\/ 2 
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0:87 


0.93 


uga 


L 
In the circuti shown in the figure, R = | e^ Switch S is closed at timet — 0. The current throughC and 


L would be equal after a time t equal to: 





(A) CR (B) СК In (2) 
L 
(C) Rin (2) (D)LR 
V 
Inthe circuit shown ifthe emfof source at aninstant is 5 V, the potential difference c R 


across capacitor at the same instant is 4 V. The potential difference across R at 
that instant can be 


^ 


3 





(A)3V (B)9V (C) V. (D) none 


v2 
An AC current is given by I= 1, + I, sin wt then its rms value will be 
Akos; Bali? +0.51? O0 (D) 1,/v2 


Let f= 50 Hz, and С = 100 pF in an AC circuit containing а capicator only. If the peak value of the 
current in the circuit is 1.57 Aat t=0. The expression for the instantaneous voltage across the capacitor 
will be 

(A)E=50sin(100mt—7/2) . i (B) E= 100 sin (50 zt) 

(C) E= 50 sin 100 лї (D) E = 50 sin (100 лї + 1/2) 


Ina series CR circuit shown in figure, the applied voltage is 10 V.and the voltage across capacitor is 
found to be 8V. Then the voltage across R, and the phase difference between current and the applied 





















voltage will respectively be 8 У, 
4 EN А А 
(А) 6V, tan!) = (В) ЗУ, tan!| 2 C R 
(C) 6V, ta! > (D) none 10V 
к? 





The phase difference between current and voltage in an AC circuit is 7/4 radian. If the frequency of AC 
is 50 Hz, then the phase difference is equivalent to the time difference : 
(A) 0.78 s (B) 15.7 ms (C) 0.25 s (D) 2.5 ms 


The given figure represents the phasor diagram ofa series LCR circuit 
connected to an ac source. At the instant t' when the source voltage 

is given by У. = V,cosot', the current in the circuit will be 

(A) I= Ij cos(at’ + 1/6) (B) I= 1, cos(ot' — 7/6) 
(C) I 2 Ij cos(ot' + 7/3) (D) I7 I, cos(ot' — 1/3) 





A coil, a capacitor and an AC source of rms voltage 24 V. are connected in series. By varying the 
frequency ofthe source, a maximum rms current of 6A is observed. If coil is connected to a battery of 
emf 12 volt and internal resistance 4Q, then current through it in steady state is 

(A)2.4A (B)1.8A (С) 1.5 А (D)1.2A 
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4,9001 


‚04102 


Power factor ofan L-R series circuit is 0.6 and that of a C-R series circuit is 0.5. If the element (L, С, 
and R) of the two circuits are joined in series the power factor of this circuit is found to be 1. The ratio 
of the resistance in the L-R circuit to the resistance in the С-К circuit is 





4 343 

(A) 6/5 (B) 5/6 (© 375 (D) = 
Current/A 
2) 


The direct current which would give the same heating effect in an equal 
constant resistance as the current shown in figure, i.e. the r m.s. current, 
15 


(A) zero (B) У2А 25 
(C)2A (D)242 A 






Time/s 


The effective value of current i= 2 sin 100 mt +2 sin(100 mt +30°) is : 


(А) /2А (В) 22+ 4/3 (C)4 (D) None 


In the circuit diagram shown, X. = 100 ©, X, = 200 О and 
В = 100 О. The effective current through the source is 


(A)2A (В) /2А 
(С)0.5А . (D) 2/2 A 


(200sin wt) 


1) 
AM 
7 
TILL | 
= 


IfI, L, I, and I, are the respective r.m.s. values of the time varying currents as shown in the four cases 
L IL II and ТУ Then identify the correct relations. 





(A), =1,=1,=1,28),> 1, =L,>1, (С),>1,>1,-1, (ру>Ь>1>1, 


In series LR circuit X, =3R. Nowa capacitor with X, = К is added in series. Ratio of new to old power 
factor is 





1 5 
(A) 1 (B)2 (C) 5 (б) 4/2 
L JU 
The current I, potential difference V, across the inductor and potential у ev 


difference V, across the capacitor in circuit as shown in the figure are 
best represented vectorially as c3 


(A) — (в) ies © — н Ф) - 


А соп, а capacitor and ап A.C. source of rms voltage 24 У are connected in series. Ву varying the 
frequency of the source, а maximum rms current of 6 Ais observed. Ifthis coil is connected to a battery 
of emf 12 V and internal resistance 4€), the current through it will be 

(A)2.4A (B)1.8A (C) 1.5A (D)1.2A 
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(703 Inthe shown AC circuit phase different between currents I, and I, is 


07104 The circuit shown is in a uniform magnetic field that is into the page and is 


| 


na 


Xt R 


T ХІ Жы Хо Ibo. ма XL- Xe 
(A) ——tan —— В) tan! (C)—Trum-—- 
( 5 ian R (B) R 2 R 








decreasing in magnitude at the rate of 150 tesla/second. The ideal ammeter 


reads 
(A)0.15A (В)0.35А (С) 0.50А (D) 0.65 А 





5.0 V 


0.105 А capacitor С = 2uF and an inductor with L = 10 H and coil resistance 5 О are in series in a circuit. 


When an alternating current of r.m.s. value 2A flows in the circuit, the average power in watts in the 
circuit is 
(A) 100 (B) 50 (C) 20 (D) 10 


ONE OR MORE THAN ONE OPTION MAY BE CORRECT. 


Take approx. 3 minutes for answering each question. 


0:1 


The dimension of the ratio of magnetic flux and the resistance is equal to that of : 
(A) induced emf (B) charge (C) inductance (D) current 


Question No. 2 to 5 (4 questions) 
The adjoining figure shows two different arrangements in which two square wire frames are placed ina 
uniform constantly decreasing magnetic field B. 


х X хх X 





The value of magnetic flux in each case is given by 

(A) Case Т: Ф = л(12 + £4)B: Case II: Ф = (Г? - £7)B 
(В) Case I: Ф = л(12 + &)B: Case II: Ф = л(12 + £7)B 
(C) Case I: Ф = (12 + B; Case II: Ф = (L? - 2)В 
(D) Case I: Ф = (L + ZB; Case II: Ф = n(L — 2B 


The direction of induced current in the case I is 


(A) from a to b and from c to d (B) from a to b and from fto e 
(C) from b to a and from d to c . (D)frombtoaand frome tof 
The direction ofinduced current in the case II is 

(A) froma to b and from c to d (B) from b to a and from fto e 
(C) from b to a and from c to d (D) from ato b and from d to c 


If I, and L are the magnitudes of induced current in the cases I and II, respectively, then 
(A) T, =Ъ (В) 121, (С) I, <I, (D) nothing can be said 
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Figure shown plane figure made ofa conductor located in a magnetic 


field along the inward normal to the plane of the figure. The magnetic = з= > 
field starts diminishing. Then the induced current и pem" № 
(A) at point P is clockwise “ah | i \ 4 
(В) at point О is anticlockwise 0 фән ЖҮ, 
(С) at point Q is clockwise \ ды. / 
(D) at point R is zero N Р 


A conducting wire frame is placed in a magnetic field which is directed into the 
paper. The magnetic field is increasing at a constant rate. The 
directions of induced currents in wires AB and CD are 





(A)B to Aand D to C (В) AtoB and C to D 
(C) Ato B and D to C (D) BtoAand C toD 
Two circular coils A and B are facing each other as shown in figure. A. ЕН 
The current i through A can be altered С 


(A) there will be repulsion between A and В ifi is increased 
(B) there will be attraction between A and В 111$ increased 
(C) there will be neither attraction nor repulsion wheniis changed i 
(D) attraction or repulsion between Aand B depends on the direction 
ofcurrent. It does not depend whether the current is increased or 
decreased. 
When a magnet with its magnetic moment along the axis of a circular coil and directed towards the coil 
is withdrawn away from the coil, parallel to itself, the current in the coil, as seen by the withdrawing 
magnet is 
(A) zero (B) clockwise 
(C) anticlockwise (D) independent of the resistance of the coil 


A bar magnet is moved along the axis of copper ring placed far away from the magnet. Looking from the 
side of the magnet, an anticlockwise current is found to be induced in the ring. Which of the following 
may be true? 

(A) The south pole faces the ring and the magnet moves towards it. 

(B) The north pole faces the ring and the magnet moves towards it. 

(C) The south pole faces the ring and the magnet moves away from it. 

(D) The north pole faces the ring and the magnet moves away from it. 


In previous question, if P is on the left of midpoint : 

(A) magnet experiences no torque 

(B) magnet experiences no net force but experiences a torque 

(C) magnet experiences a rightward force as well as a torque 

(D) magnet will not experiences a rightward force as well as a torque 


Two circular coils P & Q are fixed coaxially & carry currents I, and І, respectively 
(A) if L =0 & P moves towards О, a current in the samedirection as I, A 
isinduced in Q | 
(В) ifI, = 0 & О moves towards P, a current in the opposite direction to ! V 
that of L isinduced in P. P Q 
(C) Sen I, #0 and I, = Оаге in the same direction then the two coils tend to move apart 
(D) when I, + 0 and L, = О are in opposite directions then the coils tends to move apart. 
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Q13 АВ and CD are smooth parallel rails, separated by a distance /, and в ғр 
\/ inclined to the horizontal at an angle Ө. A uniform magnetic field of "—— 
magnitude B, directed vertically upwards, exists in the region. EF is a C eri 
conductor of mass m, carrying a current 7. For EF to be in equilibrium, 





(A) i must flow from E to F (B) Bil = mg tan 0 
(C) Bil = mg sin Ө . (D)Bil=mg 
* 044 Inthe previous question, if B is normal to the plane of the rails 
(A) Bil = mg tan Ө (B) Bil = mg ѕ1п Ө 
(C) Bil = mg cos Ө (D) equilibrium cannot be reached 


204 5 Aconducting rod PQ of length L = 1.0 mis moving with a uniform speed 
ы у =20 m/s ina uniform magnetic field В = 4.0 T directed into the paper. 
A capacitor of capacity С = 10 uF is connected as shown in figure. Then 
(A) а, = + 800рС and др = – 8000€ 
(B) а, =- 800uC and qg = + 8004C 
(C) q4 7 0 gg 
(D) charged stored in the capacitor increases exponentially with time 





‹ 0016 The e.m.f induced ina coil of wire, which is rotating in a magnetic field, does not depend on 
у (A) the angular speed of rotation (B) the area of the coil 
(C) the number of turns on the coil (D) the resistance of the coil 


(017  Asemicircle conducting ring uf radius В is placed in the xy plane, as shown in the figure. A uniform 
magnetic field is set up along the x-axis. No emf, will be induced in the ring. if 





(A) it moves along the x-axis · (B) it moves along the y—axis 
(C) it moves along the z-axis (D) it remains stationary 
Question No. 18 to 20 (3 questions) eae di 
A conducting ring of radius а is rotated about a point О оп its periphery аз ~ ye Wt 
shownin the figure in a plane perpendicular to uniform magnetic field B E De-A vi 
which exists everywhere. The rotational velocity is o. Ф b y 
Q.18 Choose the correct statement(s) related to the potential of the points P, О and R ° TUM * 
(A) Vp- Vo > 0 and V, - V5 «0 (B) Vp = Vg? Vo 
(C) Vo” Vo 7 Vo (D) Vo- Vp=Vp- Vo 
Q.19 Choose the correct statement(s) related to the magnitude of potential differences 
1 1 
(A) Vp- Vo= % Boa? (B) Vp- V. 2 Boa? 
(C) Vo - Vo = 2Воа? (D) Vp- Vg -2Bo2? 





& Bansal Classes Question Bank on EMI [20] 


Q.20 


(C) inductance of 2H (D) capacitance of 0.5F 


Choose the correct statement(s) related to the induced current in the ring 
(A) Current flows from О —— P —> О —>R — Q 

(B) Current flows from О —> R —> О —ЭР — О 

(C) Current flows from О —— P —> O and from Q —R — О 
(D) No current flows 


Current growth in two L-R circuits (b) and (c) as shown in figure (a). Let L,, L,, R, and R, be the 
corresponding values in two circuits. Then 


(A)R, >В, (B)R, =R, (OL, au, (D)L, <L, 
| Шы | | ТЕ | 
(b) (c) 





A circuit consisting of a constant e.m.f. 'E', a self induction 'L' and a 
resistance 'R' is closed at t=0. The relation between the current I 
in the circuit and time t is as shown by curve 'a' inthe fig. When one 
or more of parameters E, R & L are changed , the curve 'b' is obtained 
.The steady state current is same in both the 

cases. Thenit is possible that : 

(A) E & R are kept constant & L is increased 

(B) E & К аге kept constant & L is decreased 

(C) E & R are both halved and L is kept constant 

(D) E & L are kept constant and R is decreased 





A circuit element is placed in a closed box. At time t=0, constant current — V(volts) 
generator supplying a current of 1 amp, is connected across the box. 
Potential difference across the box varies according to graph shown in 
figure. The element in the box is : 

(A) resistance of 20 (B) battery of emf 6V 





tís) 

A constant current i is maintained in a solenoid. Which of the following quantities will increase ifan iron 
rod is inserted in the solenoid along its axis? 

(A) magnetic field at the centre. (B) magnetic flux linked with the solenoid 

(C) self-inductance of the solenoid (D) rate of Joule heating. 


The symbols L, C, R represent inductance, capacitance and resistance respectively. Dimension of 
frequency are given by the combination 








1 
(A) 1/ RC (B)R/L (© 5 (D)C/L 


т м“ 
LA. 
An LR circuit with a battery is connected at t= 0. Which ofthe following quantities is not zero just after 
the circuit 


(A) current in the circuit (B) magnetic field energy in the inductor 
(C) power delivered by the battery (D) emfinduced in the inductor 
The switches in figures (a) and (b) are = R L R 


closed at t = 0 

(А) The charge on C just after t = 0 is EC. 

(B) The charge on C long after t = 0 is EC. 

(C) The current in L just after t = 015 E/R. Е 
(D) The current in L long after t= 0 is E/R. (a) (b) 
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0.28 


0,20 


At a moment (t = 0) when charge on capacitor C, is zero, the switch is closed. If T, be the current 
through inductor at that instant, fort > 0, 





(A) maximum current through inductor equals I,/2. с, 
СІ 
(В) maximum current through inductor equals С я 5 
КУЕ? 
L PS 
ә С, 10 LC, С. 
(С) maximum charge оп С, = cS - 
L 





(D) maximum charge on C, =1,C, y С, +С, 


For L -R circuit, the time constant is equal to 

(A) twice the ratio of the energy stored in the magnetic field to the rate of the dissipation of energy in the 
resistance. 

(В) the ratio of the energy stored in the magnetic field to the rate of dissipation of energy in the resistance. 
(C) half of the ratio of the energy stored in the magnetic field to the rate of dissipation of energy in the 
resistance. 

(D) square of the ratio of the energy stored in the magnetic field to the rate of dissipation energy in the 
resistance. 


An inductor Г, a resistance К and two identical bulbs в, and B, are tip МВ, 
connected to a battery through a switch S as shown in the figure. The R je. | 
resistance of coil having inductance L is also R. Which ofthe following 

statement gives the correct description ofthe happenings when the 4—/ 
switch $ is closed? i 

(A) The bulb B, lights up earlier than B, and finally both the bulbs shine equally bright. 

(В) В, light up earlier and finally both the bulbs acquire equal brightness. 

(C) B, lights up earlier and finally B, shines brighter than В.. 

(D) B, and B, light up together with equal brightness all the time. 


Which of the following quantities can be written in SI units in Kgm’A 28-32 


(A) Resistance (B) Inductance (C) Capacitance (D) Magnetic flux 

In figure, the switch S is closed so that a current flows in the iron-core inductor ARRRRRPN 
which has inductance L and the resistance R. When the switch is opened, a 5 [к 
spark is obtained in it at the contacts. The spark is due to gti 
(A) a slow flux change inL (B) a sudden increase in the emf of the battery B 
(C) a rapid flux change in L (D) a rapid flux change inR 

In figure, a lamp P is in series with an iron-core inductor L. When the switch S 

is closed, the brightness of the lamp rises relatively slowly to its full brightness $, 
than it would do without the inductor. This is due to ee 
(A) the low resistance of P | (B) the induced-emf in L 

(C) the low resistance of L (D) the high voltage of the battery B 
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0.36 


Two сой A апа B have coefficient of mutual inductance М = 2H. The magnetic flux passing through coil 
Achanges by 4 Weber in 10 seconds due to the change in current in B. Then 

(A) change in current in B in this time interval is 0.5 A 

(B) the change in current in В in this time interval is 2A 

(C) the change in current in B in this time interval is 8A 

(D) a change in current of 1 Ain coil A will produce a change in flux passing through B by 4 Weber. 


Which of the following is true for an ideal transformer 

(A) Total magnetic flux linked with primary coil equals flux linked with secondary coil 

(B) flux per turn in primary is equal to flux per turn in secondary 

(C) induced emf in secondary coil equals induced emf in primary 

(D) power associated with primary coil at ary moment equals power associated with secondary coil 


Acircuit has three elements, a resistance of 11W, a coil of inductive resistance 120W and a capacitive 
reactance of 120W in series and connected to an A.C. source of 110 V, 60 Hz. Which of the three 
elements have minimum potential difference? 


(A) Resistance (B) Capacitance 

(C) Inductor (D) All will have equal potential difference 
The reactance ofa circuit is zero. It is possible that the circuit contains : 

(A) an inductor and a capacitor (B) an inductor but no capacitor 

(C) a capacitor but no inductor (D) neigher an inductor nor a capacitor. 


Inaseries R-L-C circuit, the frequency of the source is half of the resonance frequency. The nature of 
the circuit will be 
(A) capacitive (B) inductive . (C) purely resistive (D) data insufficient 


Ana.c. source of voltage V and of frequency 50 Hz is connected to an inductor of 2H and negligible 
resistance. A current of r.m.s. value / flows in the coil. When the frequency of the voltage is changed to 
400 Hz keeping the magnitude оҒУ the same, the current is now 

(A) 8/ in phase with V (B) 4/ and leading by 90° from V 

(С) //4 and lagging by 90° from У (О) 18 and lagging by 90° from У 
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ONLY ONE OPTION IS CORRECT 





ANSWER KEY 





Q1 B (2924 03 С 04 А 05 В 06 В О7 А 
Gs xA. Ора Шен ош C “ор C "649 C «QA A 
Q.15 D (0:16 С 0.17. wA 0.18 D 0.19 B Q.20 D Q.21 D 
Q2 B 023 C 0924 A Q25 D 0256 А 027 А 0928 C 
Q29' C.. Q30 JB. 7031 азову: ОЗ ира ОЗИ, 035. А 
Q.36 A Q37 B Q.38 A Q.39 C Q.40 A 0.41 B Q.42 D 
Q.43 A Q.44 C Q.45 A Q.46 A Q.47 D 0.48 B Q.49 D 
0.50 B 0.51 А (0:52 6 Q.53 B 0.54 А 055 C Q.56 A 
Q.57 C Q.58 A Q.59 A Q.60 A 0.61 B Q.62 B Q.63 C 
Q.64 A Q.65 B Q.66 A Q.67 D Q.68 D Q.69 B 0.70 C 
Q.71 А Q.72 A 0.73 С 0.74 В 075 D 0.76 А О C 
08 D O79 D Q80 C Q8] D Q8 A Оз р Q8 C 
0.85 B 086 D Q87 B 088 B 089 A 090 C ОТА 
0.92 D 0.93 B Q.94 C Q.95 D 0.96 C Q.97 D Q.98 A 
Q.99 B Q.100 D Q.101 D Q.102 C Q.103 C Q.104 B Q.105 C 
ONE OR MORE THAN ONE OPTION MAY BE CORRECT 

Ол B Q2 C Q3 С Q4 B 

Q5 B Об | ACD Q7 A Q8 A 

Q9 B Q.10 B,C 0.11 С 0.12 ВО 

0.13 AB 0.14 В 0.15 А 0.16 D 

017 A,B,C,D 0.18 Вр 0.19 С 0.20 D 

0.21 ВО (quos АС 0.23 D 0.24 A,B,C 

0.25 AB,C 0.26 D 0.27 B,D 0.28 D 

0.29 А 0.30 А 0.31 А 0.32 С 

0.33 В 0.34 В 0.35 BD 0.36 А 

0.37 AD 0.38 А 0.39 D 
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KEY CONCEPTS 
ELECTRIC CHARGE 
Charge ofa material body is that possesion (acquired or natural) due to which it strongly interacts 
with other material body. It can be postive or negative. S.I. unit is coulomb. Charge is quantized, 
conserved, and additive. 


9:45 - 
— 3 Г where 








1 44 г 
2577 ls . In vector form F= 
ATE E, r Ат Е, 


= permittivity of free space = 8.85 х 10-12 М-1 т72 c? orF/m and 
g, = Relative permittivity of the medium = Spec. Inductive Capacity = Dielectric Const. 
g, = 1 for air (vacuum) = oo for metals 506, = Absolute permittivity of the medium 


COULOMB’S LAW: F= 


Моте : The Law is applicable only for static and point charges. А 
Only applicable to static charges as moving charges may result magnetic а F Ф 
interaction also and only for point charges as if charges аге extended, 

induction may change the charge distribution. 


PRINCIPLE OF SUPER POSITION 


Force оп а point charge due to many charges is given by F=F,+F,+F,+ Pont 


NorE : The force due to one charge is not affected by the presence of other charges. 


ELECTRIC FIELD, ELECTRIC INTENSITY. OR ELECTRIC FIELD STRENGTH 
(VECTOR QUANTITY) 

"The physical field where a charged particle, irrespective of the fact whether it is in motion or at 
rest, experiences force is called an electric field". The direction ofthe field is the direction ofthe 
force experienced by a positively charged particle & the magnitude of the field (electric intensity) is 


F 
the force experienced by the particle carrying unit charge E = 1101 à unit is NC-!; S.I. unit is 


9—0 


V/m here eo represents that this charge does not alter the magnitude of electric field. Due to 


charge Қам on the source ofelectric field. 


ELECTRIC FIELD DUE TO 


з Cz ud ^ ] 
Point charge : p=-—_4; = 3i r (vector form) —ÉM— ——— 
ANE, г“ ANE, E 





Where г =vector drawn from the source charge to the point . 


Continuous charge distribution Ey Jat oq f= =| dE; dE = electric field due to an elementry charge 


. Note Ея | dE because E is a vector quantity . 


dq = A 91 (for line charge) = с ds (for surface charge) = p dv (for volume charge) In general А, с 
& p are linear, surface and volume charge densities respectively. 


Low - _ 2КА Y ; : 5 
Infinite line of charge E = сш where r= perpendicular distance of the point from the line charge . 


J2 kA 
Semi line of charge E = = аз, Е = — & Бух = at a point above the end of wire at 
r 


an angle 45°. 
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(ғ) 
(vi) 
(vii) 


(viii) 


(ix) 


(x) 


(xi) 


kQx 


Uniformly charged ring, E nO weer (х2 +R2 y? 


centre | 


Electric field is maximum when de = 0 for a point on the axis of the ring. Here we get x = R/V2. 
x 
Infinite non conducting sheet of charge E= A where 
£o 
fi = unit normal vector to the plane of sheet, where с is surface charge density 
œ charged conductor sheet having surface charge density с on both surfaces E = o/e, . 


Just outside a conducting surface charged with a surface charge density o, electric field is always given as 
E-o/e,. 


Q 


2 
4n£gr 





Uniformly charged solid sphere (Insulating material) Е „= r>R 


> 


; Qr pr 
Behaves as a point charge situated at the centre for these points Е, = DE Tages 
TE 
0 0 





г < К where р = volume charge density 


Uniformly charged spherical shell (conducting or non-donducting) or uniformly charged solid 





conducting sphere. E „= 221>К 


ATE, 
Behaves as a point charge situated at the centre for these points Е = 0 ; r<R 
uniformly charged cylinder with a charge density p is -(radius of cylinder =R) forr « К. 





pr 
Е = 2c. & forr>R 


Uniformly charged cylinderical shell with surface charge density o is 
r 





forr <R E,-0; forr>R E= &r 
ELECTRIC LINES OF FORCE (ELF) 
The line of force in an electric field is a hypothetical line, tangent to which at any point on it represents’ 
the direction of electric field at the given point. 


Properties of (ELF): 

Electric lines of forces never intersects . 

ELF originates from positive charge or o» and terminate оп a negative charge of infinity . 
Preference of termination is towards a negative charge . 

If an ELF is originated, it must require termination either at а negetive charge or at =. 

Quantity of ELF originated or terminated from a charge or on a charge is proportional to the 
magnitude of charge. 


ELECTROSTATIC EQUILIBRIUM 

Position where net force (or net torque) on a charge(or electric dipole) = 0 

STABLE EQUILIBRIUM : If chargeis displaced Буа small distance the charge comes (or tries to 
come back) to the equilibrium . 

UNSTABLE EQUILIBRIUM : If charge is displaced by a small distance the charge does not return to 
the equilibrium position. 
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10. 


12. 


ELECTRIC POTENTIAL (Scalar Quantity) 

“Work done by external agent to bring a unit positive charge(without accelaration) from infinity to 
a point in an electric field is called electric potential at that point” . 

Itw „18е work done to bring a charge 4 (very small) from infinity to a point then potential at that 


(Wor) 


point is V= c ; S.L unit is volt (= 1 J/C) 


POTENTIAL DIFFERENCE 


W 
Vap= У-У = d Улв = p-d. between point A&B. 


Wa, = w.d. by external source to transfer a point charge q from B to А (Without acceleration). 
ELECTRIC FIELD & ELECTRIC POINTENIAL 
д 


0 ^0 ~ 
Е =-grad V= - VV {read as gradient of V) grad = +++ ; 
OX Oy OZ 
Used when EF varies in three dimensional coordinate system. 
For finding potential diffcrence between two points in electric field, we use — 
Boy 


Va- V= | E.dt ЕЕ is varying with distance 
A 
if E is constant & here d is the distance between points A and В. 
POTENTIAL DUE TO 


Q (ii) many charges У = 


q 4, 4 
басыла” лы” 
4né of 47 01 41 г, 47€ of3 


= 








a point charge V = 


continuous charge distribution V = ЕЕ, dq 
4ле" T 


spherical shell (conducting or non conducting) or solid conducting sphere 











Q Q 
- ‚ (>В), У. = : 5 
out 4neor э (г ) , m 4neR (r R) 
non conducting uniformly charged solid sphere : 
1 Q(3R?-17) 
out 4ле (Г > (г ым К) > Уш 2 4ng9R. > (r = R) 


EQUIPOTENTIAL SURFACE AND EQUIPOTENTIAL REGION 
In an electricfield the locus of points of equal potential is called an equipotential surface. An 
equipotential surface and the electric field meet at right angles. 


The region where E — 0, Potential of the whole region must remain constant as no work is done in 
displacement of charge in it. It is called as equipotential region like conducting bodies. 
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13. 


14. 


15. 
(a) 


(b) 
(c) 


(9) 


(ii) 


MUTUAL POTENTIAL ENERGY OR INTERACTION ENERGY 
“The work to be done to integrate the charge system .” 








: 4:92 
For 2 particle system О = 
or 2 particle sy mutual gre of 
For 3 particle system О, „ы 7 tg 1215. ын 
4nEoh2 4теЕ0Г23 4леЕ0131 
; п (0—1) 
For п particles there will be ---- terms . Total energy ofa system = Чек + U mutual 


PE. of charge q in potential field U = qV. Interaction energy of a system of two charges 
U-qV;-9V,. 
ELECTRIC DIPOLE. О is mid point of line AB (centre ofthe dipole) 


1 А » je - equitorial 
on the axis (except points on line AB) г fine 
- pr P -q | +q 
E2————————— e— MÀ. 
2ne,[r? - (а? / 4) 2ng,r (11<< a) V. ы 
B x md Б і 
р = аа = Dipole moment, а ан 


r = distance of the point from the centre of dipole 


ti Б р р 
on the equitorial ; Е= а 
3 4ne,[r? + (a2 /4)]3/? Aner 
At a general point P(r, 9) in polar co-ordinate system is 
Е А 2Кр sin Ө 
Radial electric field E, = ы X. 





kp cos 
Tangentral electric field Ет = ORE 


pile Seine 
Net electric field at РЕ и = YE? +E? ==} V1 3sin" 6 


А SN kp sinO 
Potential at point P is Vp = 2 
r 





NOTE : №0 is measured from axis of dipole. Then sin and cos will be interchanged. 


= PT. p-qa electric dipole moment . If 6 is angle between p and 





' РӨ 
Dipole V = 5 
4n£gT 4ле(г 


reaches vector of the point. 


Electric Dipole in uniform electric field : torque t=pxE ; F =0. 
Work done in rotation of dipole is w= PE (cos 0, - cos Ө,) 


PE. of an electric dipole in electric field U = – pE. 





Force on a dipole when placed in a non uniform electric field is Е-- s (- РЕЛ 
х 


ELECTRIC FLUX 


For uniform electric field; ¢ = E.A = EA cosO where Ө = angle between E & area vector (А). 
Flux is contributed only due to the component of electric field which is perpendicular to the plane. 


If E is not uniform throughout the area A, then ф = | EdA 
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17. 


18. 


19. 
20. 


(i) 
(ii) 
(iii) 
(iv) 
(у) 
(vi) 
(vii) 
(viii) 
(ix) 
(x). 


(xi) 


(xii) 


(xiii) 


(xiv) 


GAUSS’S LAW (Applicable only to closed surface) “ Net flux emerging out of a closed surface is 


= ” ф= fEdA = A q = net charge enclosed by the closed surface . 
0 0 
ф does not depend onthe (i) shape and size of the closed surface 


(ii) The charges located outside the closed surface. 


CONCEPT OF SOLID ANGLE : 
Flux of charge q having through the circle of radius R is 
24 є, 

%- 4m 








а ма 

хо = 1 - cos > 
2€, ( ) b ar Solid angle of coneof half 

Energy stored p.u. volume in an electric field — = angle 0 is Q-2n(1-cos0) 





9 ; : А : б 
Electric pressure due to its own charge on a surface having charged density с is Pje = —— . 
50 
Electric pressure ona charged surface with charged density с due to external electric field is P „= GE, 


IMPORTANT. POINTS TO BE REMEMBERED 


Electric field is always perpendicular to a conducting surface (or any equipotential surface) . No 
tangential component on such surfaces . 


Charge density at sharp points on a conductor is greater. 
When a conductor is charged, the charge resides only on the surface. 


For a conductor of any shape E (just outside) = = 
0 


p.d. between two points in an electric field does not depend on the path joining them . 

Potential at a point due to positive charge is positive & due to negative charge is negative. 
Positive charge flows from higher to lower (i.e. in the direction of electric field) and negative charge 
from lower to higher (i.e. opposite to the electric field) potential . 

When РЕ the dipole is in stable equilibrium 

pl|(-E) the dipole is in unstable equilibrium 

When a charged isolated conducting sphere is connected to an unchaged small conducting sphere 
then potential (and charge) remains almost same on the larger sphere while smaller is charged . 


; KO? 
Self potential energy of a charged shell = Ж. 





2 
Self potential energy of an insulating uniformly charged sphere = о 


A spherically symmetric charge (i.e p depends only оп г) behaves as ifits charge is concentrated 
at its centre (for outside points). 


Dielectric strength of material: The minimum electric field required to ionise the medium or the 
maximum electric field which the medium can bear without breaking down. 
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EXERCISE # I 


A negative point charge 2q and a positive charge q are fixed at a distance / apart. Where should a 
positive test charge Q be placed on the line connecting the charge for it to be in equilibrium? What is the 
nature of the-equilibrium with respect to longitudinal motions? 


Two particles A and B each carrying a charge Q are held fixed with a separation d between then A 
particle C having mass m ans charge q is kept at the midpoint of line AB. Ifit is displaced through a small 
distance x (x << d) perpendicular to AB, 

then find the time period of the oscillations of C. 


If in the above question С is displaced along AB, find the time period of the oscillations of C. 
` Draw E -r graph for 0 < r € b, if two point charges a & b are located г distance apart, 
when 


(i) both are + ve (ii) both are – ve 
(iii) ais + ve and b is — ve (iv) а 15 - ve and b is + ve 





A charge + 10-9 С is located at the origin in free space & another charge Q at (2, 0, 0). If the 
X-component of the electric field at (3, 1, 1) 15 zero, calculate the value of О. Is the Y-component zero 
at (3, 1, 1)? 


Six charges are placed at the vertices of a regular hexagon as shown in the figure. 
Find the electric field on the line passing through O and perpendicular to the plane 
of the figure as a function of distance x from point O. (assume x >> a) 





The figure shows three infinite non-conducting H 
plates of charge perpendicular to the plane of + 
the paper with charge per unit area + с, + 26 + 
and — o. Find the ratio of the net electric field at М 
that point A to that at point В. 


t ted АД. Ш 





A thin circular wire of radius г has a charge О. If a point charge q is placed at the centre of the ring, then 
find the increase in tension in the wire. 


In the figure shown S is a large nonconducting sheet of uniform charge density с. А 
rod К of length / and mass ‘пл’ is parallel to the sheet and hinged at its mid point. The 
linear charge densities on the upper and lower half ofthe rod are shown in the figure. 
Find the angular acceleration of the rod just after it is released. i 





A simple pendulum of length / and bob mass m is hanging in front of a large 
nonconducting sheet having surface charge density o. If suddenly a charge +q is 
given to the bob & itis released from the position shown in figure. Find the maximum 
angle through which the string is deflected from vertical. 


ЕЕЕ 
°— 


A particle of mass m and charge — q moves along a diameter ofa uniformly charged sphere of radius R 
and carrying a total charge + Q. Find the frequency of S.H.M. of the particle if the amplitude does not 
exceed R. 


A charge + Q is uniformly distributed over a thin ring with radius R. A negative point charge — Q and 
mass m starts from rest at a point far away from the centre ofthe ring and moves towards the centre. 
Find the velocity of this particle at the moment it passes through the centre ofthe ring. 
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0.12 2A spherical balloon of radius В charged uniformly on its surface with surface density c. Find work done 


Q.13 


Q.14 


Q.15 


Q.16 


Q.17 


Q.18 


Q.19 


Q.20 


Q.21 


Q.22 


Q.23 


Q.24 


Q.25 


against electric forces in expanding it upto radius 2R. 


A point charge + q & mass 100 gm experiences a force of 100 N at a point at a distance 20 cm froma 


long infinite uniformly charged wire. If it is released find its speed when it is at a distance 40 cm from wire 
+q +q 74; 





Consider the configuration of a system of four charges each of 
value +q. Find the work done by external agent in changing the a 
configuration of the system from figure (1) to fig (1). 


Ға та Lo 


fig (i) fig (i) 
There are 27 drops of a conducting fluid. Each has radius г and they are charged to a potential V. They 


are then combined to form a bigger drop. Find its potential. 


Two identical particles of mass m carry charge Q each. Initially one is at rest on a smooth horizontal 
plane and the other is projccied along the plane directly towards the first from a large distance with 
an initial speed V. Find the closest distance of approach. 


A particle of mass m and negative charge q is thrown in a gravity free space with + 
speed u from the point A on the large non conducting charged sheet with surface | 
charge density с, as shown in figure. Find the maximum distance from A on sheet 
where the particle can strike. 


+18 7" 

+A 
с 

Consider two concentric conducting spheres of radii a & b (b a). Inside sphere has а positive charge 

q,. What charge should be given to the outer sphere so that potential of the inner sphere becomes 

zero? How does the potential varies between the two spheres & outside ? 


Three charges 0.1 coulomb each аге placed on the corners of an equilateral triangle of side 1 m. If the 
energy is supplied to this system at the rate of 1 kW, how much time would be required to move one of 
the charges onto the midpoint of the line joining the other two? 


Two thin conducting shells of radii R and 3R are shown in figure. The outer shell carries 
a charge +Q and the inner shell is neutral. The inner shell is earthed with the help of 
switch S. Find the charge attained by the inner shell. 





Consider three identical metal spheres A, B and C. Spheres A carries charge + 6q and sphere B carries 
charge — 34. Sphere С carries no charge. Spheres A and В are touched together and then separated. 
Sphere C is then touched to sphere A and separated from it. Finally the sphere C is touched to sphere B 
and separated from it. Find the final charge on the sphere C. у 


Р (0) 
A dipole is placed at origin of coordinate system as shown in figure, find 


the electric field at point P (0, y). ^ 
P| “45° | 


Two point dipoles Р k and ? К are located at (0, 0, 0) and (1m, 0, 2m) respectively. Find the resultant 


electric field due to the two dipoles at the point (1m, 0, 0). 


The length of each side оҒа cubical closed surface is /. If charge q is situated on one of 
the vertices of the cube, then find the flux passing through shaded face of the cube. q 


A point charge Q is located on the axis of a disc of radius R at a distance a au 2 
from the plane of the disc. If one fourth (1/4th) of the flux from the charge 
passes through the disc, then find the relation between a & R. 


а} 


“9 
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0.1 


(а) 
(9 


0.2 


0.3 


0.4 


0.5 


0.6 


0.7 


0.8 


(а) 
(b) 


anelectric charge (fig.) . The reading are taken on a quadrant graduated 


EXERCISE # II 


A rigid insulated wire frame in the form of a right angled triangle 
ABC, is set in a vertical plane as shown. Two bead of equal masses 
m each and carrying charges q, & q, are connected by a cord of 
length / & slide without friction on the wires. Considering the case 
when the beads are stationary, determine. 

The angle a. (b) The tension in the cord & HORIZON 

The normal reaction on the beads. If the cord is now cut, what are the values of the charges for which the 
beads continue to remain stationary. 





[1-2 
A proton and an a-particle are projected with velocity у, = \ х each, when 
m 


they are far away from each other, as shown. The distance between their initial in tia 
velocities is L. Find their closest approach distance, mass of proton=m; charge=te, а 
mass of a-particle = 4m, charge = + 2e. vo 


A clock face has negative charges — д, — 20, +3q, ......... , — 124 fixed at the position of the corresponding 
numerals on the dial. The clock hands do not disturb the net field due to point charges. At what time 
does the hour hand point in the same directionis electric field at the centre ofthe dial. 


A circular ring of radius R with uniform positive charge density А per unit length is fixed in the Y—Z plane 
with its centre at the origin O. A particle of mass m and positive charge q is projected from the point P 


(/5 R,0,0) on the positive X-axis directly towards O, with initial velocity v . Find the smallest value of 
the speed v such that the particle does not return to P. 


2 small balls having the same mass & charge & located on the same vertical at heights h, & h, are thrown 
in the same direction along the horizontal at the same velocity у. The 1% ball touches the ground at a 
distance / from the initial vertical . At what height will the 254 ball be at this instant ? The air drag & the 
charges induced should be neglected. 


Two concentric rings of radii r and 2r are placed with centre at origin. Two 
charges +q each are fixed at the diametrically opposite points of the rings 
as shown іп figure. Smaller ring is now rotated by an angle 90° about Z-axis 
then it is again rotated by 90° about Y-axis. Find the work done by 
electrostatic forces in each step. If finally larger ring is rotated by 90? about 
X-axis, find the total work required to perform all three steps. 





A positive charge Q is uniformly distributed throughout the volume ofa dielectric sphere of radius R . A 
point mass having charge + q and mass m is fired towards the centre of the sphere with velocity v from 
a point at distance r (r > R) from the centre of the sphere. Find the minimum velocity v so that it can 
penetrate R/2 distance of the sphere. Neglect any resistance other than electric interaction. Charge on 
the small mass remains constant throughout the motion. 


An electrometer consists of vertical metal bar at the top of which is 
attached a thin rod which gets deflected from the bar under the action of 


in degrees . The length ofthe rod is /and its massis m . What will be the 
charge when the rod of such an electrometer is deflected through an 
angle a . Make the following assumptions : 

the charge on the electrometer is equally distributed between the bar & the rod 
the charges are concentrated at point A on the rod & at point B on the bar. 
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0.9 


0.10 


о 


0.12 


0.13 


0.14 


(b) 


Q.17 


A cavity of radius r is present inside a solid dielectric sphere of radius R, having 
a volume charge density of p. The distance between the centres of the sphere 
and the cavityis a. An electron eis kept inside the cavity at an angle 6 = 45° 
as shown . How long will it take to touch the sphere again? 





Two identical balls of charges q, & q, initially have equal velocity of the same magnitude and direction. 
After auniform electric field is applied for some time, the direction ofthe velocity ofthe first ball changes 
by 60? and the magnitude is reduced by half’. The direction ofthe velocity of the second ball changes 
there by 90°. In what proportion will the velocity of the second ball changes ? 


Electrically charged drops of mercury fall from altitude h into a spherical metal 
vessel of radius R in the upper part of which there is a small opening. The mass 
of each drop is m & charge is О. What is the number 'n' of last drop that can 

still enter the sphere. Given that the (n + 1)* drop just fails to enter the sphere. 





Small identical balls with equal charges are fixed at vertices of regular 2004 - gon with side a. At a 
certain instant, one ofthe ballsis released & a sufficiently long time interval later, the ball adjacent to the 
first released ball is freed. The kinetic energies ofthe released balls are found to differ by К at a 
sufficiently long distance from the polygon. Determine the charge q of each part. 


The electric field in a region is given by E = жек i. Find the charge contained inside a cubical volume 


bounded by the surfaces x = 0, x= а, y= 0, y = a, z = 0 and z = a. Take E)=5 х 103N/C, /= 2cm and 
а = lcm. 


2 small metallic balls ofradii К, & R, are kept in vacuum at a large distance compared to the radii. Find 
the ratio between the charges on the 2 balls at which electrostatic energy of the system is minimum. What 
is the potential difference between the 2 balls? Total charge of balls is constant. 


Figure shows a section through two long thin concentric cylinders of 

radii a & b with a<b. The cylinders have equal and opposite charges 

per unit length А, . Find the electric field at a distance г from the axis for © 
(a)r<a (b)a<r<b (c)r>b 


A solid non conducting sphere of radius R has a non-uniform charge distribution of volume charge 


: r | А 2 
density, p= py ГЕ where p, isa constant and r is the distance from the centre of the sphere. Show that: 
the total charge on the sphere is Q=7p,R> and 
Or? 


the electric field inside the sphere has a magnitude given by, E= ae 
R 


A nonconducting ring of mass m and radius R is charged as shown. The charged 
density i.e. charge per unit length is À. It is then placed on a rough nonconducting 


horizontal surface plane. At time t = 0, auniform electric field Е = E, is switched | 
| J ы 
Noles! 
зала TTT 


onand the ring start rolling without sliding. Determine the friction force (magnitude 
and direction) acting on the ring, when it starts moving. 
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Q.18 


Q.19 


Q.20 


0.21 


0.22 


0.23 


0.24 


Two spherical bobs of same mass & radius having equal charges аге suspended from the same point 
by strings of same length. The bobs are immersed in а liquid of relative permittivity є, & density po. 
Find the density o of the bob for which the angle of divergence of the strings to be the same in the air 
& in the liquid ? 


An electron beam after being accelerated from rest through a potential difference of 500 V in vacuum is 
allowed to impinge normally on a fixed surface. If the incident current is 100 u A, determine the force 
exerted on the surface assuming that it brings the electrons to rest. (е = 1.6x1071? С; m =9.0x 10-3! kg) 


Y 
А Е ; ; “Hatt + д 
Find the electric field at centre of semicircular ring shown in figure. ж i We 
1 Y 
= ko – c a R > X 
A cone made of insulating material has a total charge Q spread uniformly А 
over its sloping surface. Calculate the energy required to take a test charge ан 


q from infinity to apex A of cone. The slant length is L. В 


Aninfinite dielectric sheet having charge density с has a hole of radius R. 
init. An electron is released on the axis of the hole at а distance ./3R 


from the centre. What will be the velocity which it crosses 
the plane of sheet. (е = charge on electron and т = mass of electron) 





Two concentric rings, one of radius 'a' and the other of radius 'b' have the 
charges +q and – (2/5) 3/2 q respectively as shown in the figure. Find А CF 
the ratio b/a if a charge particle placed on the axis at z = a is in equilibrium. 


Two charges +q; & – 4, are placed at A and B respectively. A line of 
force emerges from q, at angle æ with line AB. At what angle will it A Aa B 


terminate at — q;? +q; -q2 
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0.1 


0.2 


0.3 


0.4 
(0 


@ 


(ii) 


Q.5 


(a) 
(b) 


9.6() 


EXERCISE # Ш 


The magnitude of electric field E in the annular region of charged cylindrical capacitor 

(A) Is same throughout 

(B) Is higher near the outer cylinder than near the inner cylinder 

(C) Varies as (1/r) where r is the distance from the axis 

(D) Varies as (1/2) where г is the distance from the axis [IIT '96, 2] 


A metallic solid sphere is placed in a uniform electric field. The : a io bape 
lines of force follow the path (s) shown in figure as : z 
(A) 1 (B) 2 : 
(C) 3 (D) 4 [1796,2] ^ ыы 
Anon-conducting ring of radius 0.5 m carries a total charge of 1.11 x 10-10 C distributed non-uniformly 
on its circumference producing an electric field E every where in space. The value of the line integral 
2-0 
| —Е.46 (1-0 being centre of the ring) in volts is : 


(А) +2 (В) -1 (С) -2 (D) zero[JEE'97, 1] 


Select the correct alternative : [JEE '982+2+2=6] 
A+ ly charged thin metal ring of radius R is fixed in the xy-plane with its centre at the origin O . A- ly 
charged particle Р is released from rest at the point (0, 0, 2,) where z, > 0. Then the motion of P is: 
(A) periodic, for all values of z, satisfying 0 < z, < oo 

(B) simple harmonic, for all values of z, satisfying 0 <2,<К 

(С) approximately simple harmonic, provided z} << К 

(D) such that P crosses О & continues to move along the —ve z-axis towards x = —0o 


A charge +q is fixed at each of the points X = Xp, X= 3х, х= 5x, ...... oo on the x-axis & a charge —q 
is fixed at each ofthe points x= 2x,, х= 4x,, X= 6x,, .... oo. Here x, is a +уе constant . Take the electric 





potential at a point due to a charge Q at a distance r from itto be . Then the potential at the origin 


4ne,r 
due to the above system of charges is : 
q а 9412 
(A) 0 (B) 8c, x, /n2 (C) ® ш) 4те х, 


Anon-conducting solid sphere of radius R is uniformly charged . The magnitude of the electric field due 
to the sphere at a distance r from its centre : 

(A) increases as г increases, for г< К. (B) decreases аз г increases, for 0 < r < œ 

(C) decreases аз г increases, for В <г<® (D)isdiscontinuousat r=R. 


A conducting sphere S, of radius ris attached to an insulating handle . Another conducting sphere S, of 
radius R is mounted on an insulating stand . S, is initially uncharged . S, is given a charge О, brought into 
contact with S; & removed, S, is recharged such that the charge on it is again О & it is again brought into 
contact with 5, & removed. This procedure is repeated п times. 
Find the electrostatic energy of S, after n such contacts with S}. 
What is the limiting value of this energy as n —> oo? [ JEE'98, 7+1] 


ҮЛҮ j iy 





An ellipsoidal cavity is carved within a perfect conductor. A positive charge 
qis placed at the center of the cavity. The points A & B are on the cavity 
surface as shown in the figure. Then : 

(A) electric field near A in the cavity = electric field near B in the cavity 
(B) charge density at A= charge density at B 

(C) potential at A— potential at B 

(D) total electric field flux through the surface of the cavity is q/e, . [JEE '99, 3 ] 
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(0 


(а) 
(b) 


A non-conducting disc of radius a and uniform positive surface charge density o is placed on the ground, 
with its axis vertical . A particle of mass m & positive charge q is dropped, along the axis ofthe disc, from 
4,8 
a height Н with zero initial velocity. The particle has = = > 
Find the value of H if the particle just reaches the disc . 
Sketch the potential energy of the particle as a function of its height and find its equilibrium position. 
[ ТЕЕ '99, 5 + 5] 


Q.7(a) The dimension of (je, E? (e, : permittivity of free space ; E : electric field) is : 


(b) 


(c) 


Q.8 


Q.9 


Q.10 


0.11 


(A)MLT (в)мІ2Т-:  (CMLT2 (р)мМІ2т-! (EMI-T- 


Three charges ©, +q and +q are placed at the vertices of a right-angled Q 
isosceles triangle as shown . The net electrostatic energy of the 
configuration is zero if Q is equal ќо: [ ТЕЕ 2000(Scr) 1+ 1] 


-4 -24 
(А) вр (B) 2,2 
(С) -24 (D) +4 





( [эл 
Four point charges + 8 nC, — 1 wC, – 1 uC and +8 uC, are fixed at the points, — VE m, - 8 m, 


^ г 
+./= m and +12" m respectively on the y-axis . A particle of mass 6 х 107% kg and of charge 


+ 0.1 uC moves along the –х direction . Its speed at x= + oo is v, . Find the least value of v, for which 
the particle will cross the origin . Find also the kinetic energy ofthe particle at the origin . Assume that 








space is gratity free. (Given : 1/(4т £) = 9 x 10? Nm?/C?) ° [JEE 2000, 10] 
Three positive charges of equal value q are placed at the vertices of an equilateral triangle. The resulting 
lines of force should be sketched as in [JEE 2001 (Scr)] 
; N / / 55, A 
we “ы SSH Ө 
ЧИ д COZ IM < ГАО) = 
(A) > SZS (B) Л iW (С) 2 2) I (D) | (9) ((Ф)) | 
mon ПК 1%(% 


А small ball of mass 2 x 10? Kg having a charge of 1 uC is suspended by a string of length 0. 8m. 
Another identical ball having the same charge is kept at the point of suspension. Determine the minimum 
horizontal velocity which should be imparted to the lower ball so tht it canmake complete revolution. 
[JEE 2001] 
Two equal point charges are fixed at x = а and x = +a on the x-axis. Another point charge О is placed 
at the ongin. The change in the electrical potential energy of Q, when it is displaced by a small distance 
x along the x-axis, is approximately proportional to 
2 


(A)x (B)x (С) хз (D) 1/х [JEE 2002 (Scr), 3] 
A point charge 'q' is placed at a point inside a hollow conducting sphere. Which of the following electric 
force pattern is correct ? [JEE’2003 (scr)] 


ж. MS 
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76 Tq 
Q.12 Charges +] and –даге located at the corners ofa cube of side a as shown in the *q E d 
figure. Find the work done to separate the charges to infinite distance. p= 2р 
[JEE 2003] Ky 


0.13 A charge +Qis fixed at the origin of the co-ordinate system while a small electric dipole of dipole-moment 
р pointing away from the charge along the x-axis is set free from a point far away from the origin. 


(a) calculate the К.Е. of the dipole when it reaches to a point (d, 0) 
(b) calculate the force on the charge +Q at this moment. | [JEE 2003] 


Q.14 Consider the charge configuration and a spherical Gaussian surface as shown in "ҰРЫ. 
1 Е \ 


the figure. When calculating the flux of the electric field over the spherical surface, 1 Y 
the electric field will be due to [JEE 2004 (SCR)] NAE РЗ 


` 


~ 


(А) 9, (В) only the positive charges 24 
(С) all the charges (D) “а, and -q, 


0.15 Six charges, three positive and three negative of equal magnitude are to be placed р Q 
at the vertices of a regular hexagon such that the electric field at O is double the 
electric field when only one positive charge of same magnitude is placedatR. |, R 
Which of the following arrangements of charges is possible for P, Q, К, S, T and 
U respectively? [JEE 2004 (SCR)] T S 
(A) +, -, +, -, -, + (В) +, -, +, -, +, – (С) +, +, -, +, -, — (О) -, +, +, —, +, – 

0.16  Twouniformly charged infinitely large planar sheet S, and S, are held in air parallel to each other with 
separation d between them. The sheets have charge distribution per unit area с, and o, (Cm?), 
respectively, with c, > o». Find the work done by the electric field on a point charge Q that moves from 
from S, towards S, along a line of length а (a < d) making an angle 7/4 with the normal to the sheets. 


Assume that the charge Q does not affect the charge distributions ofthe sheets. [JEE 2004] 
Q.17 Three large parallel plates have uniform surface charge densities as shown in the figure. What is the 
electric field at P. ПЕЕ” 2005 (Scr)] 
" 46 ^ A 2, к o е, k za 
()- 264 (B) ZK -2k (D) 266 АУЫ. ЖШ z--a 
е _0 є, ео в | 2-2а 
0.18 Which of the following groups do not have same dimensions [JEE’ 2005 (Scr)] 


(A) Young's modulus, pressure, stress (В) work, heat, energy 
(C) electromotive force, potential difference, voltage 
(D) electric dipole, electric flux, electric field 


0.19 A conducting liquid bubble of radius a and thickness t (t <<a) is charged to potential У. If the bubble 
collapses to a droplet, find the potential on the droplet. [JEE 2005] 


0.20 The electrostatic potential (ф,) ofa spherical symmetric system, kept at origin, is shown in the adjacent 
figure, and given as 








Which of the following option(s) is/are correct? 

(A) For spherical region г <R total electrostatic energy stored is zero. 

(B) Within r = 2R,, total charge is q. 

(С) There will be no charge anywhere except at r=R,. 

(D) Electric field is discontinuous atr = К. [JEE 2006] 
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EXERCISE # IT 
EXERCISE #1 


Q.1 (a) 60° (b) mg + (81% (c) & mg, mg. qj & q should! have unlike changes fior the beads to remain 
stationaly & q,q, = —mg/K7/k 


5--/89) EUM 
goes Q.3 930 QM ors Q5 H,-h,*h,-g 
8 4 YKaf 2KQq) r-R. "i 
Q6 Wanu FM o o Wt 00, =0 ол |Z% 94 ai 
08 q-4bjem)mgsin | sin je еше. ig 
8 q 1 g sing Q. um Q. 


Алу mg(Ib-R)R — 
о. СЕНЕ 0.12 у} ©Ка 0.13 2.2 x 10°C 0.14 
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2KA ^ =, Po 


EO Ot ОШ 0.18 с= 1Р0. 019 7.5x10°N 








=. - ] 
4Ка Qq _ 1068 
020 --u3 921 255 L Q.22 vedere: Q23 2 
Я . & [qi 
24 b-22sin! (sin [а 
Q 2 ү 92 , 


EXERCISE # III 
Q.1C Q.2 D ОЗА 0.4 () A, C, (ii) D, (ША, C 





202 n Y 2 
0.5 (a) О, = a] where a= — (b) U, (n 9 =) = SL 


81eyR| 1-а R 8negr* 





Ui 
2mga 
4 Я MEL 
Q.6()C, Gi) () H- =, (b) U= mg | 2yh^«a?-8 | equilibrium at h= È, Y i | 


Q.7 (a) E, (b) B, (c) v, =3 m/s; К.Е. at the origin = (27-1046) х 107^J approx.2.5 х10*] 
Q.8C is 5.86 m/s Q.10B ОПА 








Te 3-3У6- 7] 
сда 4пЕ а ANS v6 у 
Р 
013 (KE-—— Ы c 9 ; along positive x-axis 0.14 C 
Ane d^ 276 od 
(o; -5; Qa (a ү 
0.15 -+,+,-+,- 0.16 242 s, 0.17 C Q18D quov=(4) У 


0.20 ABCD 
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ELECTROSTATICS 


ONLY ONE OPTION IS CORRECT. 
Take approx. 2 minutes for answering each question. 


Q.1 Two identical conducting spheres, having charges of opposite sign, attract each other with a force of 
_ 0.108 N when separated by 0.5 m. The spheres are connected by a conducting wire, which is then 
* removed, and thereafter, they repel each other with a force of 0.036 М. The initial charges on the 


fee 
АЧ” spheres are 
(А) £5x10%Cand + 15x 105C (В) + 1.0 x 106 С and + 3.0 x 10°C 


(C) + 2.0 x 10°C and + 6.0 x 10°C (Р) + 0.5 x 10-6 C and + 1.5 х 10°C 
Q.2/ Apoint charge 50u:C is located in the XY plane at the point of position vector т = 21 + 3j. What is ће 
0 J 


: ie electric field at the point of position vector r = 81-5 j 
и (A) 1200V/m (В) 0.04V/m (C)900V/m (D) 4500 V/m 


Q.3 „ A point charge q is placed at origin. Let E д» Ер and Ес be the electric field at three points 
| А (1,2, 3), В (1, 1, — 1) and C (2, 2, 2) due to charge а. Then 


S is - E. 
y li] E, L Eg [i] |Eg| - 4| Ecl 
\ select the correct alternative 

(A) only [i] is correct (В) only [1] is correct 

(C) both [i] and [ii] are correct (D) both [i] and [11] are wrong 


9% Two identical point charges are placed at a separation of 1. P is a point on the line joining the charges, at 
adistance x from any one charge. The field at P is E. E is plotted against x for values of x from close to 
zero to slightly less than 1. Which of the following best represents the resulting curve? 


2 E: E: E E 
| | L 
(A) КЛ ‚ ® l SO | , ©° p D = 


Q.5 A particle of mass m and charge Q is placed in an electric field E which varies with time t ass 
E=E, sinot. It will undergo simple harmonic motion of amplitude 


— Ir 











E? E E, E 
ЫТ 2 в) 25 (С) у= D (о) S 
mo mo mo то p é 
Q.6 | Four charges are arranged at the corners of a square ABCD, as shown. The ü i 
force опа “хе charge kept at the centre of the square is 
е (A) zero ° (B)along diagonal AC 
(С) along diagonal BD (D) perpendicular to the side AB a 224 2 р 


0.7 — Two free positive charges 44 and q are a distance apart. What charge Q is needed to achieve equilibrium 
for the entire system and where should it be placed form charge q? 





4 l 4 I 
e (A) Q= 99 (negative) at 3 (B)Q= 24 (positive) at 3 
к. l | ! 
(С) О =а (positive) at 3 (D) О = q (negative) at = 
: 3 Ақса В 
о; Six charges are placed at the corner of a regular hexagon as shown. Ifan electron Jf Xf N 
is placed at its centre O, force on it will be: a. ЧИ 
(A) Zero (B) Along OF 
(C) Along OC (D) None of these 
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^ Two identical positive charges are fixed on the y-axis, at equal distances from the origin О. A particle 


with a negative charge starts on the x-axis at a large distance from O, moves along the + x-axis, passes 
through O and moves far away from O. Its acceleration a is taken as positive along its direction of 
motion. The particle’s acceleration a is plotted against its x-coordinate. Which of the following best 
represents the plot? 


. yr" Та Та Та 
Иа es Oe oO 


Q.10 Four equal positive charges are fixed at the vertices of a square of side L. Z-axis is perpendicular to the 


2 


plane of the square. The point z = 0 is the point where the diagonals of the square intersect each other. 
The plot of electric field due to the four charges, as one moves on the z-axis. 


E 5 В Е 
| 
(А) И = 2) IN © D) Е 
е, о L z 5 


0. и Anonconducting ring of radius 4 А. uniformly distributed positive charge Q. A small part of the ring, of 


length 4, is removed (4 << В). The electric field at the centre of the ring will now be 
(A) directed towards the gap, inversely proportional to R3. 

(B) directed towards the gap, inversely proportional to R2. 

(C) directed away from the gap, inversely proportional to R3. 

(D) directed away from the gap, inversely proportional to R2. 








Q.12) The charge per unit length of the four quadrant of the ring is 2А, — 2А, A and — 
à respectively. The electric field at the centre is 
(A) - 2neyR (В) one В eR (C) 4ne,R (D) None 
0.13 Thedirection (0) of E at point P due to uniformly charged finite rod will be + 
|." (A)atangle 30° from x-axis + 
= Н(В) 45° from x - axis ру 
(С) 60° from x-axis M 
(D) none of these nd 
M 
Q.14 Two equal negative charges are fixed at the points [0, а ] and [0, —a] on the y-axis. A positive charge О 
is released from rest at the points (2а, 0] on the x-axis . The charge О will 
(A) execute simple harmonic motion about the origin 
(B) move to the origin and remain at rest 
(C) move to infinity 
(D) execute oscillatory but not simple harmonic motion. 
ОЛ5 Anuncharged sphere of metal placed inside a charged parallel plate capacitor. The lines of force look 


like 


e Oe (С) КО oC Ж. 
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Q.16~ A small particle of mass m and charge -q is placed at point P and released. If R >> x, the particle will 
undergo oscillations along the axis of symmetry with an angular frequency that is equal to 


ООУ 5 21-40 _ 
(АЈ 4ле тв? (В) ү 4ne,mR‘ Р 
х 
40 qQx 

(C) 4ne,mR? (D) 4ne,mR‘ 

О.У Which of the following is a volt : 

ғ (А) Erg percm XB) Joule per coulomb 

E (C) Erg per ampere (D) Newton / (coulomb x m?) 

0.18 n small drops of same size are charged to V volts each. If they coalesce to form a signal large drop, then 
its potential will be 

E — (A)Vin - (B)Vn (C) Vn! (Dy Vn 


Q.19 1000 identical drops of mercury are charged to a potential of 1 V each. They join to form a single drop. 
The potential ofthis drop will be 
e (A)0.01 V (B)0.1 V (C) 10 V (D)100 V 


Q.20 Potential difference between centre & the surface of sphere of radius R and uniform volume 
charge densitv p within it will be : 
pR? pR? d: pR? 


Ше», .- (B) ,- (C) 0 (D) 55. 





Q.21 If the electric potential ofthe inner metal sphere is 10 volt & that of the 
outer shell is 5 volt, then the potential at the centre will be : 
E (А) 10 volt . (B) 5 volt (C) 15 volt (D) 0 b 


0.22 Three concentric metallic spherical shell A, B and C or radii a, b and c (a < b < c) have surface charge 
densities — б, + c, and — o respectively. The potential of shell A is : 


(A)(o/eg)[a-- b - c] (B)(c/e,)[a—b+c] (@)(c/e,)[b-a-c] (D)none 


0.23 A charged particle having some mass is resting in equilibrium at a height Н above the centre ofa uniformly 
charged non-conducting horizontal ring ofradius R. The force of gravity acts downwards. The equilibrium 
of the particle will be stable 


ж 





R R 
(A) forall valuesofH (В) only ifH> /5 (C) only ifH < Ja (D) only ifH = J2 
Q.24 / Aninfinite number of concentric rings carty a charge Q each alternately positive ела 54 
and negative. Their radii are 1, 2, 4, 8...... meters in geometric progression as £a WE NN 
shown in the figure. The potential at the centre ofthe rings will be и) |] 
Ue у] 
(A) zero (B) 12n£, (C) 815 (D) бл, р” 


0.22 Whenanegative charge is released and moves in electric field, it moves toward a position of 
(A) lower electric potential and lower potential energy 
(B) lower electric potential and higher potential energy 
(C) higher electric potential and lower potential energy 
(D) higher electric potential and higher potential energy 
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Q.26 


0.30 


0.31 


(9:53 


0.34 


А hollow metal sphere of radius 5 cm is charged such that the potential on its surface is 10 У. The 
potential at the centre of the sphere is 

(А)0У 

(В)10У 

(С) same as at point 5 cm away from the surface ош side sphere. 

(D) same as a point 25 cm away from the surface. 


A solid sphere of radius R is charged uniformly. At what distance from its surface is the electrostatic 
potential half of the potential at the centre? 

(A)R (B) R/2 (С) R/3 (D)2R 

An infinite nonconducting sheet of charge has а surface charge density of 1077 C/m?. The separation 


between two equipotential surfaces near the sheet whose potential differ by 5V is 
(A) 0.88 cm (B) 0.88 mm (C) 0.88 m (0) 5 x 10-7 т 


Four equal charges +q are placed at four corners of a square with its centre at origin and lying in yz 
plane. The electrostatic potential energy ofa fifth charge +q’ varies on x-axis as: 


U U U U 
(A) Ж ЕС | =з, ©), э у = көч) Ж 


Two identical thin rings, each of radius В. meter аге coaxially placed at distance В. meter apart. If 
Q, and Q, coulomb are respectively the charges uniformly spread on the two rings, the work done in 
moving acharge q from the centre of one ring to that of the other is 


(A) zero (В) o(Q,-Q, \V2-1)/(/2.4ne,R) 
(С) qv2(Q,+Q,)/4ne,R (D) а(О,-О„ \/2+1)/\/2.4лє,®.) 


Two positively charged particles X and Y are initially far away from each other and at rest. X begins to 
move towards Y with some initial velocity. The total momentum and energy of the system are p and E. 
(A) If Yis fixed, both p and E are conserved. 

(B) If Y is fixed, Е is conserved, but not p. 

(C) If both are free to move, p is conserved but not E. 

(D) If both are free, E is conserved, but not p. 


Two particles X and Y, of equal mass and with unequal positive charges, are free to move and are initially 

far away from each other. With Y at rest, X begins to move towards it with initial velocity u. After a long 

time, finally 

(A) X will stop, Y will move with velocity u. 

(B) X and Y will both move with velocities u/2 each. 

(C) X will stop, Y will move with velocity « u. 

(D) both will move with velocities < u/2. 

A circular ring of radius R with uniform positive charge density À per unit length is located in the y-z 

plane with its centre at the origin O. A particle of mass m and positive charge q is projected from the 
À 

point P(R V3 ‚ О, О) on the positive x-axis directly towards О, with an initial kinetic energy jm 


(A) The particle crosses O and goes to infinity. 
(B) The particle returns to P. - 
(C) The particle will just reach O. 


(D) The particle crosses O and goes to -R 7. 
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0.35 A bullet of mass m and charge q is fired towards a solid uniformly charged 
sphere of radius R and total charge + q. If it strikes the surface of sphere with +4 
speed u, find the minimum speed u so that it can penetrate through the sphere. 

1 (Neglect all resistance forces or friction acting оп bullet except electrostatic forces) 


(A) J2neymR (B) J4neymR (C) J81e,mR (D) 14ле)тК 


0.36 Іпврасе of horizontal EF (E = (mg)/q) exist as shown in figure and a 
mass m attached at the end ofa light rod. If mass m is released from the 








A position shown in figure find the angular velocity of the rod when it pm 
Р, passes through the bottom most position в E 
м lg m Pe . Be Е [5g » 
| = - == С) ,/— | = + 
үң Өле еді с> Ч?Й 


0.37 Two identical particles of mass m carry a charge О each. Initially one is at rest on a smooth horizontal 
plane and the other is proj.cted along the plane directly towards first particle from a large distance with 
speed v. The closed distance of approach be 

















- LO 1 40° 1 20? 1 30° 
(A) 4n£g mv (90 Ane) ту? = Ane) mv? ЧЕ) Ane, mv? 


0.38 Тһе diagram shows a small bead of mass m carrying charge q. The bead сап 


freely move on the smooth fixed ring placed on a smooth horizontal plane. In the ® 
и same plane а charge +Q has also been fixed as shown. The potential atthe point 
P due to +Q is V. The velocity with which the bead should projected from the ® 


— 
Е 
Р 


point P so that it сап complete a circle should be greater than 


[6qv aV 3qV 
(A) ү (By © ү (D) none 


0.39 Electric field given by the vector E = xi + yj is present in the XY plane. an 


A small ring carrying charge +Q, which can freely slide ona smooth non 
il conducting rod, is projetced along the rod from the point (0, L) such 
^ thatitcanreachthe other end ofthe rod. What minimum velocity should 
be given to the ring?( Assume zero gravity) 
(A) (QL7/m)'? | (В) (QL?/m)'? 
(C) KQL7/m)'? (D) (QL?2m)'? 





0.40 Aunitpositive point charge of mass m is projected with a velocity V inside the 
tunnel as shown. The tunnel has been made inside a uniformly charged non SR. 
conducting sphere. The minimum velocity with which the point charge should be | А 
projected such it can it reach the opposite end of the tunnel, is equal to / 
(A) [pR?/4me,]'? 

y (B) [РЕ2/24т= 12 

(С) [pR2/6ms,]!? 
(D) zero because the initial and the final points are at same potential. 
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0.41 


0.42 


A conducting sphere of radius a has charge Q on it. It is enclosed by a neutral conducting concentric 
spherical shell having inner radius 2a and outer radius 3a. Find electrostatic energy of system. 


5 kQ? зу Ш 11 kQ? kQ? 
i ----- "(Gy D 
ШАТЫС 12 a Шалы; Times 
1 
A particle of mass 1 kg & charge a uC is projected towards a 
non conducting fixed spherical shell having the same charge Gas TNI нЕ eg bs ine 
uniformly distributed on its surface. Find the minimum initial 1355; УДИ "x 
velocity of projection required if the particle just grazes the shell. қ 
| p | 2l 2 
(A) үз m/s (В)2 үз m/s (C) = m/s (D) none of these 
ә 2 3 
The diagram shows three infinitely long uniform line charges placed on ы 
ine X, Y and Z axis. Тһе work done іп moving a unit positive charge i 
from (1, 1, 1) to (0, 1, 1) is equal to 
(A) (А In 2) / 2л, (В) (A In 2) /ng, x 
(С) (3А In 2) / 2л, (D) None X + 


A charged particle of charge Q is held fixed and another charged particle f mass m and charge q (ofthe 
same sign) is released from a distance r. The impulse ofthe force exerted by the external agent on the 
fixed charge by the time distance between Q and q becomes 2r is 





|. .Qq = о Qqm _ | Qqm | Qqm 
4n є mr (B) 4те, r (C) (xe (D) d2n eir 











(A) 


Inauniform electric field, the potential is 10V atthe origin of coordinates, and 8V at each ofthe points 
(1, 0, 0), (0, 1, 0) and (0, 0, 1). The potential at the point (1, 1, 1) will be 

(А)0 (B)4 V (С)8У (D)10V 

Inaregular polygon of n sides, each corner is at a distance r from the centre. Identical charges are 
placed at (n — 1) corners. At the centre, the intensity is E and the potential is V. The ratio V/E has 
magnitude. 

(A)rn (B)r (n- 1) (C) (n - 1r (D) r(n- 1)/n 

The equation of an equipotential line in an electric field is y = 2x, then the electric field strength vector at 
(1, 2) may be 


(A) 41+3) (В) 41+8) (С) 8144] (D) -8i«4j 


The electric field in a region is given by : E= (АахуУ2 Ji + (2ax? Vz )j + (ax? INz)k ,Whereaisa 
positive constant. The equation of an equipotential surface will be ofthe form 

(A) 2 = constant / [x3y?] (B) 2 = constant / (ху?) 

(C) >= constant / [x^y?] (D) None 

A charge 3 coulomb experiences a force 3000 N when placed in a uniform electric field. The potential 


difference between two points separated by a distance of 1 cm along the field lines is 
(A) 10 V (B) 90 V (C) 1000 V (D) 9000V 


Two point charges of +Q each have been placed at the positions ( —a /2, 0, 0) and (а / 2, 0, 0). The locus 
ofthe points where —Q charge can be placed such the that total electrostatic potential energy of the 
system can become equal to zero, is represented by which ofthe following equations? 


" (A) Z? + (Y-a) = 2a (B) Z? + (Y-ay = 27а2/4 


(C) 72 + Y? = 15а? /4 (D) None 
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0.51 


0.52 


0.57 


0.58 


Figure shows equi-potential surfaces for a two charges 
system. At which of the labeled points point will an 
electron have the highest potential energy? 

(A) PointA (B) Point B 
(C) Point C (D) Point D 





Auniform electric field having strength р’ is existing in x-y plane as 
shown in figure. Find the p.d. between origin O & A(d, d, 0) 
(A) Ed (cos0 + sin@) (B) —Ed (sin - соѕ0) 


(C) V2 Ed (D) none of these 
Ina certain region of space, the potential is given by : V = К[2х2—у2+ 22]. The electric field at the point 
(1, 1, 1) has magnitude = 

(A) k/6 (В) 20/6 22 (O2k43 (D) 4k43 


Find the force experienced by the semicircular rod charged with a charge 
q, placed as shown in figure. Radius of the wire is R and the line of 


x" E n 








charge with linear charge density А is passing through its centre and MENO 
perpendicular to the plane of wire. her. 

M ЕСЕ м. м 1: 
(А) 2175 R (В) me В (C) 4л? В. (D) 4ne,R | 


Uniform electric field of magnitude 100 V/m in space is directed along the line y = 3 + x. Find the 
potential difference between point A (3, 1) & B (1, 3) 


(A) 100 V (B)20042 V (C) 200 V (D) 0 


A wheel having mass m has charges +q and -q on diametrically opposite points. 
Itremains in equilibrium on a rough inclined plane in the presence of uniform 
vertical electric field E = 


mg tan Ө 
2q 
An equilateral triangle wire frame of side L having 3 point charges at its vertices 


is kept in x-y plane as shown. Component of electric field due to the configuration 
in z direction at (0, 0, Г.) is [origin is centroid of triangle] 


943 kq 9kq 
WI (B) zero (C) 812 (Ы) Мое 4 -2q 


A, B,C, D, P and Q are points in a uniform electric field. The potentials 
a these points are V (A) = 2 volt. V (P) = V (B) = V (D) = 5 volt. 
У (С) = 8 volt. The electric field at P is 


(A) 10 Vm! along РО (B) 15/2 V пг! along PA 
(C) 5 V пг! along PC (D) 5 V m! along PA 


(A) mA (B) e (D) none 





(А) 
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Q.59 


Q.60 


Q.63 


0.64 


0.65 


0.66 
f. 


Aand B are two points on the axis and the perpendicular bisector respectively of an electric dipole. A 
and B are far away from the dipole and at equal distance from it. The field at A and B are E A and E, З 


(A) E, «Eg (B) E, =2E, 


4 а 1 E _ 
(С) E, =-2E, (D) E} |= JIE; |, and E, is perpendicular to Е, 


Figure shows the electric field lines around an electric dipole. Which 
of the arrows best represents the electric field at point P ? 


(1 BDN 
(С) // (D) / 


A dipole consists of two particles one with charge +1цС and mass 1kg and the other with charge 
—luC and mass 2kg separated by a distance of 3m. For small oscillations about its equilibrium position, 
the angular frequency, when placed in а uniform electric field of 20k V/m is 

(A) 0. 1rad/s (B) 1.1 rad/s - (С) 10 rad/s (D) 2.5rad/s 


The dipole moment of a system of charge +q distributed uniformly on an arc of radius R subtending an 
angle 7/2 at its centre where another charge - is placed is : 


2/2qR V2qR qR 2qR 
nhi PUn, а E 


(су 
22 


(А) (С)--- (D) 


л л 
Anelectric dipole is kept on the axis ofa uniformly charged ring at distance R/./2. from the centre of the 
ring. The direction of the dipole moment is along the axis. The dipole moment is P, charge of the ring is Q 
and radius of the ring is R. The force on the dipole is nearly 

4kPQ 4kPQ 2kPQ 


A33R2 ° | Gig (С) 3/32 (D) zero 


A large sheet carries uniform surface charge density с. Arod of length 21 








has a linear charge density А on one half and —A on the second half. The le 
rod is hinged at mid point О and makes an angle with the + 
+ 
normal to the sheet. The torque experienced by the rod is % 4X, 
on? . М 239 
(A) 0 (B) pU sin |+ EN 
0 | + 
oll’ ол М 
(С) ‘ $110 (0) 2t. 


Two short electric dipoles are placed as shown. The energy of electric 
interaction between these dipoles will be 
2kPjP5 сов0 --2kP,P, cos0 -- 2kPjP, sin Ө — 4kPjP, cos 8 

3 (B) 3 (C) 3 (D) 3 


3 


r r r r 





(A) 


Point P lieson the axis ofa dipole. Ifthe dipole is rotated by 90? anticlock wise, the electric field vector 


E atP will rotate by 
(A) 90? clock wise (B)180?clock wise (С) 90? anti clock wise (D) none 
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Q.67 


Q.68 


(5) 


0.69 


0.70 


0.71 


0.72 


4 charges are placed each at a distance 'а' from origin. The dipole moment of ^ 
configuration is 
(A) 2qaj (B) 3qaj (С) 2aq[i + j] (D)none 7% 8 

4 
Both question (a) апа (5) refer to the system of charges as shown in the figure. A spherical shell with ап 
inner radius 'а' and an outer radius 'b' is made of conducting material. A point charge +Q is placed at the 
centre of the spherical shell and a total charge — q is placed on the shell. 


Charge — q is distributed on the surfaces as 
(A) - Qon the inner surface, — q on outer surface E 
(B) - Qon the inner surface, — q + Q on the outer surface 


(C) +Q on the inner surface, д – О on the outer surface 
(D) The charge -q is spread uniformly between the inner and outer surface. 


Assume that the electrostatic potential is zero at an infinite distance from the spherical shell. The electrostatic 
potential ata distance R (a<R <b) from the centre of the shell is 


K 
(A)0 (B) x ak 


Q-q 
К 


1 
(where К. = 4755 ) 


In а region of space, the electric field is in the x direction and is given аз Е = E xi . Consider an 
imaginary cubical volume of edge a, with its edges parallel to the axes of coordinates. The charge inside 
this volume is: 


1 1 
(А) zero (В) Eje? (С) = Еа? (D) =£0 Eo а? 


Electric flux through a surface of area 100 m? lying in the xy plane is (in V-m) if E = 6) 2) + ЗК 
(А) 100 (В) 141.4 (С) 173.2 (0) 200 


An infinite, uniformly charged sheet with surface charge density с cuts through а spherical Gaussian 
surface of radius В. at a distance x from its center, as shown in the figure. The electric flux «p through the 
Gaussian surface is 








лВ2с 2nlR? _x?) б 
(А) a 
0 
К -хђс т(Е2-х2|с 
(СУ рден тәне (D) 
0 E0 


Two spherical, nonconducting, and very thin shells ofuniformly distributed positive charge Q and radius 
dare located a distance 10d from each other. A positive point charge q is placed inside one of the shells 
at a distance d/2 from the center, on the line connecting the centers of ix two shells, as shown in the 
figure. What is the net force on the charge q? 


qQ qQ ; Q Q 
(A) 361лє,й2 to the left (В) 361ne, а? to the right СУ 
ж 7 


36290 36090 
(С) 36 Ine d? to the left (D) 36Inc d? to the right 
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Q.73 


Q.74 


Q.75 


Q.76 


0.77 


0.78 


0.79 


0.80 


A positive charge q is placed in a spherical cavity made in а positively charged sphere. The centres of 
sphere and cavity are displaced by a small distance 7 . Force on charge q is: 

(A) in the direction parallel to vector 7 

(B) in radial direction 

(C) ina direction which depends on the magnitude of charge density in sphere 

(D) direction can not be determined. 

There are four concentric shells A, B, C and D of radii a, 2a, За and 4a respectively. Shells B and D are 
given charges +q and -q respectively. Shell C is now earthed. The potential difference У, — Ус 15: 

Kq Kq ‚ Ка Ка 
(А) 2а ©) 3a ©) 4a = 6a 
A metal ball of radius R is placed concentrically inside a hollow metal sphere of 
inner radius 2R and outer radius 3R. The ball is given a charge +2Q and the hollow 
sphere a total charge — О. The electrostatic potential energy of this system is : 











(A) 24150 (В) 1671508. (С) ле В (D) None 
Question No. 76 to80 ^, P sec heg. fA wut fo be hoved Copsuctty eas 


A point charge +Q having mass m is fixed on horizontal smooth surface. Another point charge having 
magnitude +2Q & mass 2m is projected horizontally towards the charge +Q from far distance with 
velocity У. 


Force applied by floor on the fixed charge in horizontal direction, when distance between charges becomes 'd'. 


2KQ* ко? 
а в) 5 


The impulse acting on the system of particles (О + 20) in the time interval when distance between them 
becomes 'd'. 








(A) (C) Zero (D) None 

















2 2KQ* 
(A) 2L Pip zy x| (B)2m V, 
2_ 2KQ' 
(C) | T SERE (D) None 
Minimum distance of approach. 
2KQ? KQ’ 4KQ? 
(А) ту? (В) шү? D) mV? (0) None 
Acceleration of particle 2Q when itis closest to fixed particle Q 
к " mV? mV. 
(A) Zero (B) ко? (С) КО! (D) None 
If particle +Q is free to move, then what will be the closest distance between the particles. 
ско: 3KQ* 
(A) Zero (B) mv? (C) mV? (D) None 
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ONE OR MORE THAN ONE OPTION MAY BE CORRECT 





Take approx. 3 minutes for answering each question. 


0.1 


0.2 


0.3 


0.4 


0.5 


0.6 


0.7 


Mid way between the two equal and similar charges, we placed the third equal and similar charge. 
Which of the following statements is correct, concerned to the equilibrium along the line joining the 
charges ? 

(A) The third charge experienced a net force inclined to the line joining the charges 

(B) The third charge is in stable equilibrium 

(C) The third charge is in unstable equilibrium 

(D) The third charge experiences a net force perpendicular to the line joining the charges 


Anegative point charge placed at the point A is 

(A) in stable equilibrium along x-axis | 
(B) in unstable equilibrium along y-axis пои: стената А 

(C) іп stable equilibrium along y-axis ! | 

(D) inunstable equilibrium along x-axis 

Five balls numbered 1 to 5 are suspended using separate threads. Pairs (1,2), (2,4) and (4,1) show 
electrostatic attraction while pairs (2,3) and (4,5) show repulsion. Therefore ball 1 must be 

(A) positively charged (B)negatively charged (C) neutral (D) made of metal 


Four charges of 1 C, 2 uC, 3 uC, and — 6C are placed one at each corner of the square of side Іт. 
The square lies in the x-y plane with its centre at the origin. 

(A) The electric potential is zero at the origin. 

(B) The electric potential is zero everywhere along the x-axis only ef the sides.of the square are parallel 
to x and y axis. 

(C) The electric potential is zero everywhere along the z-axis for any orientation ofthe square in the x- 
y plane. 

(D) The electric potential is not zero along the z-axis except at the origin. 


Two fixed charges 4Q (positive) and Q (negative) are located at A and B, the distance AB being 3 m. 


(A) The point P where the resultant field due to both is zero is on AB outside AB. 

(B) The point P where the resultant field due to both is zero is on AB inside AB. 

(C) Ifa positive charge is placed at P and displaced slightly along AB it will execute oscillations. 
(D) Ifa negative charge is placed at P and displaced slightly along AB it will execute oscillations. 


Two identical charges +Q are kept fixed some distance apart. A small particle P with charge q is placed 
midway between them. If P is given a small displacement A, it will undergo simple harmonic motion if 
(A) q is positive and A is along the line joining the charges. 

(В) qis positive and A is perpendicular to the line joining the charges. 

(С) qis negative and A is perpendicular to the line joining the charges. 

(D) q is negative and A is along the line joining the charges. 


Select the correct statement : (Only force on a particle is due to electric field) 
(A) A charged particle always moves along the electric line of force. 

(B) Acharged particle may move along the line of force 

(С) А charge particle never moves along the line of force 

(D) Acharged particle moves along the line of force only if released from rest. 
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Q.8 


Q.9 


Q.10 


о 


0.12 


0.13 


0.14 


0.15 


Two point charges О and — Q/4 are separated by a distance x. Then Q x -Q/4 
(A) potential is zero at a point on the axis which is x/3 on the right side of the сһагре- О/4 

(B) potential is zero at a point on the axis which is х/5 on the left side of the charge — 0/4 

(C) electric field is zero at a point on the axis which is at a distance x on the right side of the charge—Q/4 
(D) there exist two points on the axis where electric field is zero. 


Anelectric charge 10-8 C is placed at the point (4m, 7m, 2m). At the point (1m, 3m, 2m), the electric 
(A) potential will be 18 V (B) field has no Y-component 
(C) field will be along Z-axis (D) potential will be 1.8 V 


Let V be electric potential and E the magnitude of the electric field. At a given position, which of the 
statement is true? 

(A) E is always zero where V is zero (B) V is always zero where E is zero 

(C) Ecan be zero where V is non zero (D) E is always nonzero where V is nonzero 


Three point charges О, 40 and 160 are placed on a straight line 9 cm long. Charges are placed in such 
a way that the system has minimum potential energy. Then 

(A) 4Q and 16Q must be at the ends and Q at a distance of 3 cm from the 16Q. 

(B) 4Q and 16Q must be at the ends and Q at a distance of 6 cm from the 16Q. 

(C) Electric field at the position of Q is zero. 


Q 
(D) Electric field at the position ofQ is ;— —. 


+750 


Two infinite sheets of uniform charge density +o and с аге parallel to each other as shown in the figure. 
Electric field at the 

(A) points to the left or to the right of the sheets is zero. 

(B) midpoint between the sheets is zero. 

(C) midpoint of the sheets is o / =, and is directed towards right. 
(D) midpoint of the sheet is 26 / & and is directed towards right. 


| 
а 
TOUR. 





The electric potential decreases uniformly from V to -V along X-axis in a coordinate system as we 
moves from a point (-x,, 0) to (Xp, 0), then the electric field at the origin. 


V V 
(А) must be equalto . ; (В) may be equal to . 
Xo Xo 
V V 
(C) must be greater than = (D) may be less than 57 
0 0 


The electric potential decreases uniformly from 120 V to 80 V as one moves on the X-axis from 
х=-1 ст to x=+1cm. The electric field at the origin 

(A) must be equal to 20 V/cm (B) may be equal to 20 V/cm 

(C) may be greater than 20 V/cm (D) may be less than 20 V/cm 


Potential at a point A is 3 volt and ata point B is 7 volt , an electron is moving towards from В. 

(A) It must have some К.Е. at B to reach A 

(B)It need not have any К.Е. at B to reach A 

(C) to reach A it must have more than or equal to 4 eV K. E. at B. 

(D) when it will reach A, it will have К.Е. more then orat least equal to 4 eV ifit was released from rest at B. 
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Q.16 


Q.17 


0.18 


0.19 


0.20 


0.21 


0.22 


A ring of radius R carries charge Q distributed uniformly over the ring. Р is a point on its axis, ata 
distance r from its centre. The electric field at P due to ring is E. Which of the following is correct? 


ДЫ. cte Дея 
(A) E= Ang, (r24.R2)3/2 - 


(В) Eis maximum forr= R//2 
(C) E z Oat the centre of the ring. 
(D) Asr increases, E will first increase, then decrease. 


A conducting sphere of radius r has a charge. Then 

(A) The charge is uniformly distributed over its surface, ifthere is an external electric field. 

(B) Distribution of charge over its surface will be non uniform if no external electric field exist in space. | 
(C) Electric field strength inside the sphere will be equal to zero only when no external electric field exists 
(D) Potential at every point of the sphere must be same 

For a spherical shell 

(A) If potential inside it is zero then it necessarily electrically neutral 

(B) electric field in a charged conducting spherical shell can be zero only when the charge is uniformly 
distributed. 

(C) electric potential due to induced charges at a point inside it will always be zero 

(D) none of these 


A circular ring carries a uniformly distributed positive charge. The electric field (E) and potential (V) 
varies with distance (r) from the centre of the ring along its axis as 


The figure shows a nonconducting ring which has positive and negative 

charge non uniformly distributed on it such that the total charge is zero. 

Which of the following statements is true? 

(A) The potential at all the points on the axis will be zero. 

(B) The electric field at all the points on the axis will be zero. 

(C) The direction of electric field at all points on the axis will be along the axis. 
(D) If the ring is placed inside a uniform external electric field then net torque and force acting on the ring 
would be zero. 





At distance of 5cm and 10cm outwards from the surface of a uniformly charged solid sphere, the 
potentials are 100V and 75V respectively . Then 

(A) potential at its surface is 150V. 

(B) the charge on the sphere is (5/3) x 107°C. 

(C) the electric field on the surface is 1500 V/m. 

(D) the electric potential at its centre is 225V. 


Four identical charges are placed at the points (1, 0, 0), (0, 1, 0), (-1, 0, 0) and (0, -1, 0). 
(A) The potential at the origin 1s zero. 

(B) The field at the origin is zero. 

(C) The potential at all points on the z-axis, other than the origin, is zero. 

(D) The field at all points on the z-axis, other than the origin acts along the z-axis. 
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Q.24 


Q.25 


Q.26 


Q.27 


Q.28 


Q.29 


Variation of electrostatic potential along x-direction is shown in 
the graph. The correct statement about electric field is 

(A) x component at point B is maximum 

(B) x component at point A is towards positive x-axis. 

(C) x component at point C is along negative x-axis i | 
(D) x componentat point C is along positive x-axis - см 





A particle of charge 1 uC & mass 1 gm moving with a velocity of 4 m/s is subjected to a uniform electric 
field of magnitude 300 V/m for 10 sec. Then it's final speed cannot be: 








(A) 0.5 m/s (В) 4 m/s (C) 3 m/s (D) 6 m/s 
Two point charges q and 2q are placed at (a, 0) and (0, a). A point charge q, is TE 
placed at a point P on the quarter circle of radius a as shown in the diagram so | 1 
that the electric field at the origin becomes zero: 5 
emi eodein, is. жан ——o 
(A) the point P is | B (B) the point P is SS S 
(C) q, 7 - 59 (D) none of these 


A charged cork of mass m suspended by a light string is placed in uniform 
electric filed of strength E = (i + |) x 10° NC“! as shown in the fig. If in equilibrium 


2m 
position tension in the string is ~~ L5 then angle ‘о’ with the vertical is 
UT vy» 


(A) 60° (B) 30? (C) 45? ; (D) 18? 





Two particles of same mass and charge are thrown in the same direction along the horizontal with same 
velocity v from two different heights h, and h, (в, < h.). Initially they were located on the same vertical 
line. Choose the correct alternative. 

(A) Both the particles will always lie on a vertical line. 

(B) Acceleration ofthe centre of mass of two particles will be в downwards. 

(C) Horizontal displacement of the particle lying at h, is less and the particle lying at h, is more than the 
value, which would had been in the absence of charges on them. 

(D)all ofthese. 


A proton and a deuteron are initially at rest and are accelerated through the same potential difference. 
Which ofthe following is false concerning the final properties ofthe two particles ? 

(A) They have different speeds (B) They have same momentum 

(C) They have same kinetic energy (D) They have been subjected to same force 


A particle of charge - q and mass m moves ina circle around a long wire of linear charge density + А. 
Ifr- radius ofthe circular path and T = time period of the motion circular path. Then : 

(A) Т=2 лг (m/2KAg)!? (В) Т? = 4 n? mr/2qKa 

(C) T» 1/2 nr (2KAq/m)!? (D) T= 1/2лг (п/Кл^а)"? where К-1/4ле, 
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0.30 Charge Qis distributed non-uniformly over a ring of radius R, P is a point on the axis of ring at a distance 


ЗВ from its centre. Which of the following is a wrong statement. 


A) Potential atP is É 
(A) Potential a ls ^R 





3K 
(B) Magnitude ofelectric field at P may be greater than = Q 


; я J3KQ 
(C) Magnitude of electric field at P must be equal to eR? 





, - J3KQ 
(D) Magnitude of electric field at P cannot be less than "Gi 


Q.31 An electric dipole moment p = (2.01 +3.0}) uC. m is placed in a uniform electric field 
E = (3.01+2.0К)х 105 N С“. 


(A) The torque that E exerts on p is (0.61 - 0.4} - 0.9k) Nm. 

(B) The potential energy of the dipole is—0.6 J. 

(C) The potential energy of the dipole is 0.6 J. 

(D) If the dipole is rotated in the electric field, the maximum potential energy of the dipole is 1.3 J. 


0.32 Which of the following is true for the figure showing electric lines of force? 62—58. 
(Eis electrical field, V is potential) Р 
(ĐE, >E, уБ, >в, me 


(C) V, » V, (D) V,» V, 


0.33 Ifweuse permittivity =, resistance R, gravitational constant С and voltage V as fundamental physical 
quantities, then 





(A) [angular displacement] = e°R°G°V° (B) [Velocity] = e! R-1GÓV9 
(C) [dipole moment] = s!R°G°V! (D) [force] = e'R°G°V? 
0.34 Units of electric flux are 
Nm N 
р —À = NS 
“) Coul* (В) Coul? — т? (C) volt-m (D) Volt-m 


Q.35 Which of the following statements are correct? 
(A) Electric field calculated by Gauss law is the field due to only those charges which are enclosed inside 
the Gaussian surface. 
(B) Gauss law is applicable only when there is a symmetrical distribution of charge. 
(C) Electric flux through a closed surface will depends only on charges enclosed within that surface only. 
(D) None of these 


Q.36 Mark the correct options: 
(A) Gauss’s law is valid only for uniform charge distributions. 
(B) Gauss’s law is valid only for charges placed in vacuum. 
(C) The electric field calculated by Gauss’s law is the field due to all the charges . 
(D) The flux of the electric field through a closed surface due to all the charges is equal to the flux due to 
the charges enclosed by the surface. 
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Q.37 


Q.38 


Q.39 


Q.40 


0.41 


0.42 


A thin-walled, spherical conducting shell $ ofradius R is given charge О. The same amount of charge is 
also placed at its centre C. Which of the following statements are correct? 





(A) On the outer surface of S, the charge density is QR] 


(B) The electric field is zero at all points inside S. 
(C) Ata point just outside S, the electric field is double the field at a point just inside S. 
(D) Atany point inside S, the electric field is inversely proportional to the square of its distance from C. 


A hollowclosed conductor of irregular shape is given some charge. Which ofthe following statements 
are correct? 

(A) The entire charge will appear on its outer surface. 

(B) All points on the conductor will have the same potential. 

(C) All points on its surface will have the same charge density. 

(D) All points near its surface and outside it will have the same electric intensity. 


Charges Q, and Q, lies inside and outside respectively of a closed surface S. Let E be the field at any 
point on S and ф be the flux of E over S. 

(A) If Q, changes, both E and $ will change. 

(В) КО, changes, E will change but ф will not change. 

(C) If Q, = 0 and q, = 0 then E #0 but = 0. 

(D) If Q, + 0 and О, = 0 then E = 0 but $ #0. 


Three points charges are placed at the corners of an equilateral triangle of -24 

side L as shown in the figure. /\ 

(A) The potential at the centroid of the triangle is zero. L T. L 

(B) Theelectric field at the centroid ofthe triangle is zero. ў 7Á N 

(C) The dipole moment of the system is /2 qL inta 
*q *q 


(D) The dipole moment ofthe system is ./3 gL . 


An electric dipole is placed at the centre ofa sphere. Mark the correct answer 
(A) the flux ofthe electric field through the sphere is zero 

(B) the electric field is zero at every point ofthe sphere. 

(C) the electric potential is zero everywhere on the sphere. 

(D) the electric potential is zero on a circle on the surface. 


An electric field converges at the origin whose magnitude is given by the expression 
Е = 100rNt/Coul, where r is the distance measured from the origin. 

(A) total charge contained in any spherical volume with its centre at origin is negative. 

(B) total charge contained at any spherical volume, irrespective ofthe location of its centre, is negative. 
(C) total charge contained in a spherical volume ofradius 3 cm with its centre at origin has magnitude 
3 x107PC. 

(D) total charge contained in a spherical volume of radius 3 cm with its centre at origin has magnitude 


3 x 10? Coul. 
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Q.43 


0.44 


0.45 


0.46 


0.47 


Aconducting sphere A of radius a, with charge О, is placed concentrically inside 
a conducting shell B of radius b. В is earthed. C is the common centre of the A 
and B. ж 
1 0 
(A) The field is a distance r from С, where a<r<bis ro i = 
T £o r 
(В) The potential at a distance r from C, where a <r < b, 15 37. 


1 2 | 
(C) The potential difference between A and В is 7” o ponere | 


1 y 2d 
(D) The potential at a distance г from C, у/һеге а <г<8,2 7 o|; = 3 ? 


"ҰЛ ty 


Three concentric conducting spherical shells have radius r, 2r and 3r and О, Q, and О, are final charges 
respectively. Innermost and outermost shells are already earthed as shown in figure. Choose the wrong 
statement. 








(A) Q, +Q,=-Q (В) О, = 2 
Qi 4 09, -1 
ors, rig oz ap 


Two thin conducting shells of radii R and ЗК are shown in the figure. The outer shell carries a charge + 
О and the inner shell is neutral. The inner shell is earthed with the help ofa switch S. 

(A) With the switch $ open, the potential of the inner sphere is equal to that of the outer. 

(В) When the switch $ is closed, the potential of the inner sphere becomes zero. 7? 

(C) With the switch S closed, the charge attained by the inner sphere is — 9/3. w 

(D) By closing the switch the capacitance of the system increases. 


X and Y are large, parallel conducting plates closed to each other. Each face has an area А. X is given а 
charge Q. Y is without any charge. Points A, B and C are as shown in figure. 


Dad 
< 


nue. 
(A) The field at B is 2= А 


o> 
ш 
A 


Q 
(В) The field at Bis 7, 
< | ж 


(C) The fields at A, B and С are of the same magnitude. 
(D) The field at A and C are of the same magnitude, but in opposite directions. 


Plates A and B constitute.an isolated, charge parallel-plate capacitor. г +0 | -Q 
The inner surfaces (I and IV) of A and B have charges +Q апа -Q 
respectively. A third plate C with charge +Q is now introduced midway 
between A and B. Which ofthe following statements is not correct? 
(A) The surfaces I and II will have equal and opposite charges. 

(B) The surfaces III and IV will have equal and opposite charges. 

(C) the charge on surface III will be greater than Q. 

(D) The potential difference between Aand C will be equal to the potential difference between C and B. 


I ШШ м 





Ë Bansal Classes Question Bank on Electrostatics Пё] 


Q.48 


Q.49 


Q.50 


0.51 


0.52 


0.53 


0.54 


A particle of mass m and charge q is thrown ina region where uniform gravitational field and electric field 
are present. The path of particle 

(A) may be a straight line (B) may be a circle 

(C) may be a parabola (D) may be a hyperbola 


Question No. 49 to 54 (6 questions) 

An empty thick conducting shell of inner radius a and outer radius b is shown in 
figure. If it is observed that the inner face ofthe shell carries a uniform charge 
density —c апа the surface carries a uniform charge density 'o' 

Ifa point charge q, is placed at the center ofthe shell, then choose the correct statement(s) 

(A) The charge must be positive 

(B) Thecharge must be negative 

(C) The magnitude of charge must be 4лса? 

(D) The magnitude of charge must be 4no(b? — a?) 

If another point charge дһ is also placed at a distance c (>b) the center of shell, then choose the correct 
statements 





oq, b? 


(A) force experienced by charge A is e 
0 





(B) force experienced by charge A is zero 


2 
сарр 
(С) The force experienced by charge В is m ra 
0 


када 
(D) The force experienced by charge В is 2 B 





Ifthe charge q, is slowly moved inside the shell, then choose the statement(s) 
(A) Charge distribution on the inner and outer face ofthe shell changes 

(B) The force acting on the charge B charges 

(C) The charge B also starts moving slowly 

(D) None of these 


Choose the correct statement related to the potential of the shell in absence of ав 

(A) Potential of the outer surface is more than that of the inner surface because it is positively charged 
(B) Potential of the outer surface is more than that of the inner surface because it carries more charge 
(C) Both the surfaces have equal potential 


ob 
(D) The potential of the outer surface is = 
0 


If the outer surface of the shell is earthed, then identify the correct statement(s) 
(A) Only the potential of outer surface becomes zero 

(B) Charge on the outer surface also becomes zero 

(C) The outer surface attains negative charge 

(D) Negative charge on the inner surface decreases 


If the inner surface of the shell is earthed, then identify the correct statement(s) 
(A) The potential of both the inner and outer surface of the shell becomes zero 
(B) Charge on the outer surface becomes zero 

(C) Charge on the inner surface decreases 

(D) Positive charge flows from the shell to the earth 
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В, (b) D 


© 

шө 

бе 
Әоәс>свсоо>соСс/о>»>с 


Q2 
Q.8 

Q.14 
Q.20 
Q.26 
Q.33 
Q.39 
Q.45 
Q.51 
Q.57 
Q.63 
Q.69 


Q.75 


ANSWER KEY 


ONLY ONE OPTION 18 CORRECT. 


P»UuUUuUUUU»UuU»UOcocJ 


Q.70 
Q.76 


awr ranar wwa 


Q.4 
Q.10 


Q.16 
Q.22 


0.28 


0.35 
0.41 
0.47 
0.53 
0.59 
0.65 


0.71 
0.77 


ооо р торов 


0.5 

от 
0.17 
0.23 
0.29 
0.36 
0.42 
Q.48 
Q.54 
Q.60 
Q.66 
Q.72 


Q.78 


>>>сссоосососошошоош 


0.73 
0.79 


ONE ОЕ MORE THAN ONE OPTION MAY ВЕ CORRECT. 
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ERRORS 


Whenever an experiment is performed, two kinds of errors can appear in the measured quantity. 
(1) indeterminate and (2) determinate (or systematic) errors. 

1. Indeterminate errors appear randomly because of operator, fluctuations in external conditions and variability of 
measuring instruments. The effect of indeterminate error сап be some what reduced by taking the average of 
measured values. Indeterminate errors have no fixed sign or size. 

2. Determinate errors occur due to error inthe procedure, or miscalibration of the intrument etc. Such errors have 
same size and sign for all the measurements. Such errors can be determined. 


Ameasurement with relatively small indeterminate error is said to have high precision. Ameasurement with 
small indeterminate error and small determinate error is said to have high accuracy. 


The experimental error [uncertainty] can be expressed in several standard ways. 


Error limits Q + AQ is the measured quantity and AQ is the magnitude of its limit of error. This expresses the 
experimenter's judgment that the ‘true’ value of О lies between О — AQ and О + AQ. This entire interval 
within which the measurement lies is called the range of error. Indeterminate errors are expressed in this form. 


Absolute Error 
Error may be expressed as absolute measures, giving the size of the error in a quantity in the same units as the 
quantity itself. 


Relative (or Fractional) Error 
Error may be expressed as relative measures, giving the ratio of the quantity’s error to the quantity itself. In 


general absolute error in a measurement 


relative error = 
size of the measurement 


We should know the error in the measurement because these errors propagate through the calculations to 
produce errors in results. 


A. Determinate errors : They have a known sign. 


1. Suppose that a result R is calculated from the sum of two measured quantities A and B. We'll use a and b to 
represent the error in A and B respectively. r is the error in the result R. Then 
(R+r)=(A+B)+(atb) 
The error in R is therefore : r=atb. 
Similarly, when two quantities are subtracted, the determinate errors also get subtracted. 


2 Suppose that а result R is calculated by multiplying two measured quantities A апа В. Then R= АВ. 

(К +г) = (А+а) (В +b) - AB + aB + Ab + ab 

=> x = Bum = Т + z . Thus when two quantities are multiplied, their relative determinate error add. 
3. Quotient rule : When two quantities are divided, the relative determinate error of the quotient is the relative 


Д Я А 
determinate error of the numerator minus the relative determinate error of the denominator. Thus ifR= — then 
D 


ЖЕ ЗЫ 
К А В 
4. Power rule : When a quantity О is raised to a power, Р, the relative determinate error in the result is P times the 


relative determinate error іп О. 


= ОР Ч 
IfR-Q', R Pa 


This also holds for negative powers, 





© Bansal Classes ERROR IN MEASUREMENTS & INSTRUMENTS [2] 


5. The quotient rule is not applicable if the numerator and denominator are dependent on each other. 
ХУ : ; Р А 
e.g ЁК = Keen We cannot apply quotient rule to find the error in R. Instead we write the equation as follows 
мыр aano nen: e { 
— = — +— . Differentiating both the sides, we get 
К а Y 
dR dx dY T T a, y т SR“ X a К у 
--.---- = ------- —— = — +. — = — >K — FH — Х-- 
ONE „ХО waa Ror X^. y. ВХ SO EY Y 
B. Indeterminate error : They have unknown sign. Thus they are represented in the form A+ a. 
Here we are only concerned with /imits of error. We must assume a “worst-case” combination. In the case of 
substraction, A — B, the worst-case deviation of the answer occurs when the errors are either + a and 
—b or- a and +b. In either case, the maximum error will be (a + b) 
T. Addition and subtraction rule : The absolute indeterminate errors add. 
Thusif R- A +В, r-atb 
andif R=A-B, r-atb 
2. Product and quotient rule : The relative indeterminate errors add. 
r a b 
= -- = — + ——À 
Thusif В = АВ, АСВ 
ee ee eee 
and i =p thenalso > = +5 
3. Power rule : When a quantity Q is raised to a power P, the relative error in the result is P times the relative 
error іп О. This also holds for negative powers. 
r 
ШВ = ОР, — = px X. 
о, В SR Q 
Examples 
1. A student finds the constant acceleration of a slowly moving object with a stopwatch. The equation used 
is S = (1/2)AT?. The time is measured with a stopwatch, the distance, $ with a meter stick. What is the 
acceleration and its estimated error? 
S =2 + 0.005 meter. 
T 74.2 02 second. 
Sol: We use capital letters for quantities, lower case for errors. Solve the equation for the result, a. 


: ; қаты Paw ЖЕ 
A=2S/T?. Its indeterminate-error equation is ж 2—4— 


Thus A=0.23 0.02 m/s. 


SIGNIFICANT. DIGITS 
Significant figures are digits that are statistically significant. There are two kinds of values in science : 
ПК Measured Values 2 Computed Values 


The way that we identify the proper number of significant figures in science are different for these two types. 


MEASURED VALUES 

Identifying a measured value with the correct number of significant digits requires that the instrument's calibration 
be taken into consideration. The last significant digit їп а measured value will be the first estimated position.For 
example, a metric ruler is calibrated with numbered calibrations equal to 1 cm. In addition, there will be ten 
unnumbered calibration marks between each numbered position. (each equal to 0.1 cm). Then one could with 
a little practice estimate between each of those marking. (each equal to 0.05 cm). That first estimated position 
would be the last significant digit reported in the measured value. Let’s say that we were measuring the length ofa 
tube, and it extended past the fourteenth numbered calibration half way between the third and fourth unnumbered 
mark. The metric ruler was a meter stick with 100 numbered calibrations. The reported measured length would be 
14.35 cm. Here the total number of significant digits will be 4. 
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WN > 


COMPUTED VALUE 
The other type of value is a computed value. The proper number of significant figures that a computed value 
should have is decided by a set of conventional rules. However before we get to those rules for computed 
values we have to consider how to determine how many significant digits are indicated in the numbers being 
used in the math computation. 


Rules for determining the number of significant digits in number with indicated decimals. 
All non-zero digits (1-9) are to be counted as significant. 

Zeros that have any non-zero digits anywhere to the LEFT of them are considered significant zeros. 
All other zeros not covered in rule (ii) above аге NOT be considered significant digits. 


For example : 0.0040000 

The 4 is obviously to be counted significant (Rule-1), but what about the zeros? The first three zeros would not 
be considered significant since they have no non-zero digits anywhere to their left (Rule-3). The last four zeros 
would all be considered significant since each of them has the non-zero digit 4 to their left (Rule-2). Therefore 
the number has a total of five significant digits. 

Here is another example : 120.00420 

The digit 1, 2, 4 and 2 are all considered significant (Rule-1). All zeros are considered significant since they 
have non-zero digits somewhere to their left (Rule-2). So there are a total of eight significant digits. 


Determining the number of significant digits if number is not having an indicated decimal. 
The decimal indicated in a number tells us to what position of estimation the number has been indicated. But 
what about 1,000,000? 


Notice that there is no decimal indicated in the number. In other words, there is an ambiguity concerning the 
estimated position. This ambiguity can only be clarified by placing the number in exponential notation. 
For example : If I write the number above in this manner. 

1.00 x 106 
I have indicated that the number has been recorded with three significant digits. On the other hand, if T write the 
same number as : 1.0000 x 106 
I have identified the number to have 5 significant digits. Once the number has been expressed in exponential 
notation form then the digits that appear before the power of ten will all be considered significant. So for 
example : 2.0040 х 104 will have five significant digits. This means that unit conversion will not change the 
number of significant digits. Thus 0.000010 km = 1.0 cm=0.010 m= 1.0 x 10-2 m=1.0 x 10° km 


Rule for expressing proper number of significant digits in an answer from multiplication or division 


For multiplication AND division there is the following rule for expressing a computed product or quotient with 
the proper number of significant digits. 

The product or quotient will be reported.as having as many significant digits as the number involved in 
the operation with the least number of significant digits. 

For example: 0.000170 x 100.40 = 0.017068 

The product could be expressed with no more that three significant digits since 0.000170 has only three 
significant digits, and 100.40 has five. So according to the rule the product answer could only be expressed 
with three significant digits. Thus the answer should be 0.0171 (after rounding off) 

Another example : 2.000 x 104/6.0 х 1073 20,33 x 107 

The answer could be expressed with no more that two significant digits since the least digited number involved 
inthe operation has two significant digits. 

Sometimes this would required expressing the answer in exponential notation. 

For example : 3.0 x 800.0 = 2.4 x 10? 

The number 3.0 has two significant digits and then number 800.0 has four. The rule states that the answer can 
have no more than two digits expressed. However the answer as we can all see would be 2400. How do we 
express the answer 2400 while obeying the rules? The only way is to express the answer in exponential 
notation so 2400 could be expressed as : 2.4 x 10? 
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Rule for expressing the correct number of significant digits in an addition or substraction : 


The rule for expressing a sum or difference is considerably different than the one for multiplication of division. The 
sum or difference can beno more precise than the least precise number involved in the mathematical operation Precision 
has to do with the number of positions to the RIGHT ofthe decimal. The more position to the right ofthe decimal, 
the more precise the number. So a sum or difference can have no more indicated positions to the right ofthe 
decimal as the number involved in the operation with the LEAST indicated positions to the right of its decimal. 


For example : 160.45 + 6.732 = 167.18 (after rounding off) 

The answer could be expressed only to two positions to the right of the decimal, since 160.45 is the least 
precise. 

Another example : 45.621 + 4.3 — 6.41 = 43.5 (after rounding off) 

The answer could be expressed only to one position to the right ofthe decimal, since the number 4.3 is the least 
precise number (i.e. having only one position to the right of its decimal). Notice we aren't really determining the 
total number of significant digits in the answer with this rule. 


Rules for rounding off digits : 


BOUM 


(i) 


There are a set of conventional rules for rounding off 

Determine according to the rule what the last reported digit should be. 

Consider the digit to the right ofthe last reported digit. 

Ifthe digit to the right ofthe last reported digit is less than 5 round it and all digits to its right off. 

If the digit to the right of the last reported digit is greater than 5 round it and all digits to its right off and 
increased the last reported digit by one. 

If the digit to the right ofthe last reported digit is a 5 followed by either no other digits or all zeros, round it and 
all digits to its right off and ifthe last reported digit is odd round up to the next even digit. Ifthe last reported digit 
is even then leave it as is. 


For example if we wish to round off the following number to 3 significant digits : 18.3682 
The last reported digits would be the 3. The digit to its right is а 6 which is greater than 5. According to the 
Rule-4 above, the digit 3 is increased by one and the answer is : 18.4 


Another example : Round off 4.565 to three significant digits. 
The last reported digit would be the 6. The digit to the right is a 5 followed by nothing. Therefore according to 
Rule-5 above since the 6 is even it remains so and the answer would be 4.56. 


EXPERIMENTS 
Measurement of length 


The simplest method measuring the length of a straight line is by means of a meter scale. But there exists some 
limitation in the accuracy of the result: 

(i) the dividing lines have a finite thickness. 

(1) naked eye cannot correctly estimate less than 0.5 mm 

For greater accuracy devices like 

(a) Vernier callipers (b) micrometer scales (screw gauge) are used. 


VERNIER CALLIPERS: 

It consists of a main scale graduated in cm/mm over which an auxiliary scale (or Vernier scale) can slide along 
the length. The division of the Vernier scale being either slightly longer and shorter than the divisions ofthe main 
scale. 

Least count of Vernier Callipers 

The least count or Vernier constant (v. c) is the minimum value of correct estimation of length without eye 
estimation. If N division of vernier coincides with (N-1) division of main scale, then 


N-1 


- lms 
Vernier constant = 1 ms— 1 vs:= í = d ms- 





which is equal to the value ofthe smallest division on 


ar 9 
iN 


N 
the main scale divided bv total number of divisions on the vernier scale. 
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(a) 


(b) 


(ii) 


(a) 


(b) 


Zero error: 

Ifthe zero marking of main scale and vernier callipers do not coincide, necessary correction has to be made for 
this error which is known as zero error ofthe instrument. 

Ifthe zero ofthe vernier scale is to the right ofthe zero of the main scale the zero error is said to be positive and 
the correction will be negative and vice versa. 


SCREW, GAUGE (OR MICROMETER SCREW) 

In general vemier callipers can measure accurately upto 0.01 em and for greater 

accuracy micrometer screw devices e.g. screw gauge, spherometer are used. sure 

These consist of accurately cut screw which can be moved in a closely fitting m 
fixed nut by tuming it axially. The instrument is provided with two scales: | > 
(i) The main scale or pitch scale M graduated along the axis of the screw. D" 

(1) The cap-scale or head scale H round the edge ofthe screw head. 

Constants ofthe Screw Gauge 

Pitch : The translational motion ofthe screw is directly proportional to the total rotation ofthe head. The pitch 
of the instrument is the distance between two consecutive threads of the screw which is equal to the distance 
moved by the screw due to one complete rotation of the cap. Thus for 10 rotation of cap =5 mm. then 
pitch = 0.5 mm 

Least count : In this case also, the minimum (or least) measurement (or count) of length is equal to one 
division on the head scale which is equal to pitch divided by the total cap divisions. Thus in the aforesaid 
Illustration:, ifthe total cap division is 100, then least count = 0.5mm/100 = 0.005 mm 

Zero Error : In а perfect instrument the zero of the heat scale coincides with the line of graduation along the 
screw axis with no zero-error, otherwise the instrument is said to have zero-error which is equal to the cap 
reading with the gap closed. This erroris positive when zero line or reference line of the cap lies above the line 
of graduation and versa. The corresponding corrections will be just opposite. 

Measurement of g using a simple pendulum 

A small spherical bob is attached to a cotton thread and the combination is suspended from a 

point A. The length of the thread (L) is read off on a meter scale. A correction is added to L to - 

include the finite size ofthe bob and the hook. The corrected value of L is used for further 

calculation. The bob is displaced slightly to one side and is allowed to oscillate, and the total 

time taken for 50 complete oscillations is noted on a stop-watch. The time period (T) ofa | 

single oscillation is now calculated by division. OB 





| вал 


Observations are now taken by using different lengths for the cotton thread (L) and | 
pairs of values of L and T are taken. A plot of L v/s T?, ona graph, is linear. g is given РИ 
І А 
2 L S 
by p= 47 т? ; Р 
T2 


The major errors in this experiment are 


Systematic : Error dueto finite amplitude of the pendulum (as the motion is not exactly SHM). This may be 
corrected for by using the correct numerical estimate for the time period. However the practice is to ensure that 
the amplitude is small. 


Statistical : Errors arising from measurement of length and time. 


` 


ETE 


La 


g L Vd 
The contributions to 61., ôT are both statistical and systematic. These are reduced by the process of averaging. 
The systematic error in L can be reduced by plotting several values of L vs T? and fitting to a straight line. The 
slope of this fit gives the correct value of L/T? 
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(iii) ^ Determination of Young's Modulus һу Searle's Method 
The experimental set up consists of two identical wires P and Q ofuniform cross 
section suspended from a fixed rigid support. The free ends of these parallel 
wires are connected to a frame F as shown in the figure. The length of the wire 
О remains fixed while the load L attached to the wire P through the frame F is 
varied in equal steps so as to produce extension along .the length. The extension 
thus produced is measured with the help of spirit level SL and micrometer screw 
M attached to the F frame on the side of the experimental wire.On placing the 
slotted weights on the hanger Н upto a permissible value (half of the breaking 
force) the wire gets extended by small amount and the spirit level gets disturbed 
from horizontal setting. This increase in length is measured by turning the micrometer 
screw М upwards so as to restore the balance of the spirit level. If n be the 
number of turns of the micrometer screw and fbe the difference in the cap 
reading, the increase in length M is obtained by 
Al=n x pitch + fx least count 





The load on the hanger is reduced in the same steps and spirit level is restored to horizontal position. The mean 
of these two observations gives the true increase in length of the wire corresponding to the given value of load. 
From the data obtained, a graph showing extension (A/) against the load (W) is plotted which is obtained as a 
straight line passing through the origin. The slope of the line gives 


(ee EEA 
W Mg 


Mg 
Now, stress = “72 and strain = 
Tr 





. MgL 
Y = Stress/ strain= —77 — —5 
mr m tanO 
With known values of initial length L, radius г of the experimental wire and {апб, Young's modulus Y can be 
calculated. 


(iv) Specific Heat of a liquid using a calorimeter: 
The principle is to take a known quantity of liquid in an insulated calorimeter and heat it by passing a known 
current (i) through a heating coil immersed within the liquid for a known length of time (t). The mass of the 
calorimeter (m,) and, the combined mass of the calorimeter and the liquid (m,) are measured. The potential 
drop across the heating coil is V. and the maximum temperature of the liquid is measured to 0,. 
The specific heat of the liquid (S,) is found by using the relation 

(m, – ту)5 (0,0) + m,S,(8, -0)) =i. V. t 

ог, (т„-тш,)5,+ mS, mi V. 0005200) 5722... (1) 
Here, 0,is the room temperature, while S, is the specific heat of the material of the calorimeter and the stirrer. 
І, is known, then S, can be determined. 
On the other hand, if S, is unknown: one can either repeat the experiment with water or a different mass of the 
liquid and use the two equations to eliminate m, S, 
The sources of error in this experiment are errors due to improper connection of the heating coil, radiation, 
apart from statistical errors in measurement. 
The direction of the current is reversed midway during the experiment to remove the effect of any differential 
contacts, radiation correction is introduced to take care of the second major source of systematic error. 





Radiation correction: The temperature of the system is recorded for half the length of time t, 

i.e. 1/2, where t is the time during which the current was switched on} after the current is switched off. The fall 
in temperature à, during this interval is now added to the final temperature , to give the corrected final temperature: 
Q’,=8,+6 

This temperature is used in the calculation of the specific heat, 5, 


ба eee AATA ET 
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(v) 


(vi) 


Error analysis : 
After correcting for systematic errors, equation (1) is used to estimate the remaining errors. 


Focal length of a concave mirror and a convex lens using the u-v method. 

In this method one uses an optical bench and the convex lens (or the concave mirror) is placed on the holder. 
The position of the lens is noted by reading the scale at the bottom ofthe holder. A bright object (a filament 
lamp or some similar object) is placed at a fixed distance (u) in front ofthe lens (mirror). 

The position ofthe image (v) is determined by moving a white screen behind the lens until a sharp image is 
obtained (for real images). 

For the concave mirror, the position ofthe image is determined by placing a sharp object (a pin) on the optical 
bench such that the parallax between the object pin and the image is nil. 


1 
i 


] 
VS Ss Нм к» 


A plot of |u| versus |v| gives a rectangular hyperbola. A plot of Е 
У u 





gives a straight line. 


1 
The intercepts are equal to if] where fis the focal length. 





Error : The systematic error in this experiment is mostly due to improper position of the object on the hoider. 
This error maybe eliminated by reversing the holder (rotating the holder by 180° about the vertical) and then 
taking the readings again. Averages are then taken. 
The equation for errors gives: 

5 {Sul [би |+ [ду! 

ПР тату 


The errors би, бу correspond to the error in the measurement ofu and v. 


бу 











Index Error or Bench Error and its correction: In an experiment using an optical bench we are 
required to measure the object and image distances from the pole or vertex on the mirror. The distance between 
the tip of the needles and the pole of the mirror is the actual distance. But we practically measure distances 
between the indices with the help of the scale engraved on the bench. These distances are called the observed 
distances. The actual distances may not be equal to the observed distances and due to this reason an error 
creeps in the measurement of the distances. This error is called the index or the bench error. 

Index Error = Observed distance — actual distance and 

Index Correction = Actual — observed distance 
Note: Index correction whether positive or negative, is always added algebraically to the observed distance 
to get the corrected distance. 


Speed of sound using resonance column 

A tuning fork of known frequency (f) is held at the mouth of a long tube, which is => 

dipped into water as shown in the figure. The length (/,) of the air column in the tube is 

adjusted until it resonates with the tuning fork. The air temperature and humidity are 

noted. The length of the tube is adjusted again until a second resonance length (/,) is 

found (provided the tube is long) 

Then, /, -Д —X/2, provided /, /, are resonance lengths for adjacent resonances. 
d= 2(1, —1,), is the wavelength of sound. 

Since the frequency т, is known; the velocity of sound іп air at the temperature (Ө) and humidity (h) is given by 

C-fX-2(b -I)f 

It is also possible to use a single measurement of the resonant length directly, but, then it has to be corrected for 

the “end effect": 

(fundamental) = 4(/, + 0.34), where d = diameter 


Errors : The major systematic errors introduced are due to end effects in (end correction) and also due to 
excessive humidity. 
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(vii) 


(a) 
(b) 


(viii) 


Random errors are given by 
5С _94,—1) бі, +8, 
А E 


Verification of Ohm’s law using voltmeter and ammeter 

A voltmeter (V) and an ammeter (A) are connected ina circuit along witha 

resistance R as shown іп the figure, along with a battery В and a rheostat, Rh 
Simultaneous readings of the current i and the potential drop V are taken by ae kh ^ 
changing the resistance in the rheostat (Rh). A graph of V vs iis plotted andit т | 
is found to be linear (within errors). 

The magnitude of R is determined by either 


У 
taking the ratio T and then 


fitting to а straight line: V = iR, and determining the slope В. 


Errors : 

Systematic errors in this experiment arise from the current flowing through V (finite resistance ofthe voltmeter), 
the Joule heating effect in the circuit and the resistance ofthe connecting wires/ connections ofthe resistance. 
The effect of Joule heating may be minimsed by switching on the circuit for a short while only, while the effect 
of finite resistance of the voltmeter can be overcome by using a high resistance instrument or a potentiometer. 
Thelengths of connecting wires should be minimised as much as possible. 


f SR SV + бі 
The error in computing the ratio R = T isgivenby | R vl |1 
where ôV and бі are of the order ofthe least counts of the instruments used. 


Error analysis : 




















Specific resistance of the material of a wire using a meter bridge : 
A known length (7) ofa wire is connected in one of the gaps (P) ofa 
metre bridge, while a Resistance Box is inserted into the other gap 
(Q). The circuit is completed by using a battery (B), a Rheostat (Rh), 

a Key (K) and a galvanometer (G). The balance length (/) is found by 
closing key k and momentarily connecting the galvanometer until it 
gives zero deflection (null point). Then, 

Р l 

100 ee шшш (1) 
using the expression for the meter bridge at balance. Here, represents the resistance of the wire while Q 
represents the resistance in the resistance box. The key K is open when the circuit is not in use. 


L ЛГ 
The resistance of the wire, Р = р 55d 1) a a (2) 








where г is the radius of wire and L is the length of the wire, r is measured using a screw gauge while L is 
measured with a scale. 


Errors : The major systematic errors in this experiment are due to the heating effect, end corrections introduced 
due to shift of the zero of the scale at A and B, and stray resistances in P and Q, and errors due to non-uniformity 
of the meter bridge wire. 


Error analysis : End corrections can be estimated by including known resistances P, and Q, inthe two ends 


and finding the null point: 
Р, А +a 
о. г 100-1. +В -— (2), where a and В are the end corrections. 
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When the resistance Q, is placed in the left gap and P, in the right gap, 
Q 1-0 . 
P JOB 220 == (3) 
which give two linear equation for finding a and В. 


In order that œ and В be measured accurately, P, and Q} should be as different from each other as possible. 
For the actual balance point, 


РЕ д 
О 100-/-р L^ 


Errors due to non-uniformity of the meter bridge wire can be minimised by interchanging the resistances in the 


gaps P and Q. 
ӧР |84| |9/. 
— = LER 
P q£ A 














where, 67", and 5/’, are of the order of the least count of the scale. 


The error is, therefore, minimumif/’ = і.е. when the balance point is in the middle of the bridge. The error 
in pis 
ӨР 20r L ӨР 
— = 4-6-4 


P pube" АР 


(ix) Measurement of unknown resistance using a P.O. Box 
A P.O. Box can also be used to measure an unknown 
resistance. It is a Wheatstone Bridge with three arms P, Q 
and R; while the fourth arm(s) is the unknown resistance. P 
and Q are known as the ratio arms while R is known at the 


rheostat arm. 
At balance, the unknown resistance 
P 
$ = [s | Е 1 ag (1) 
< 


The ratio arms are first adjusted so that they carry 100 Q 
each. The resistance in the rheostat arm is now adjusted so 
that the galvanometer deflection is in one direction, ifR = Rp 
(Ohm) and in the opposite direction when R= Ry +1 (ohm). 
This implies that the unknown resistance, S lies between Капі К, + 1 (ohm). Now, the resistance in P and Q 
are made 100 О and 1000 Q respectively, and the process is repeated. 

Equation (1) is used to compute S. 

The ratio P/Q is progressively made 1: 10, and then 1 : 100. The resistance S can be accurately measured. 
Errors : The major sources of error are the connecting wires, unclear resistance plugs, change in resistance 
due to Joule heating, and the insensitivity ofthe Wheatstone bridge. 

These may be removed by using thick connecting wires, clean plugs, keeping the circuit on for very brief 
periods (to avoid Joule heating) and calculating the sensitivity. 

In order that the sensitivity is maximum, the resistance in the arm P is close to the value ofthe resistance S. 
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0.1 


0.2 


0.3 


0.4 


0.5 


0.6 
б) 
(i) 


Q.7 


[Е 
EXERCISE 
Ina Vernier Calipers (VC), N divisions of the main scale coincide with N + m divisions of the vernier scale. 
What is the value of m for which the instrument has minimum least count? 


(A) 1 (B)N (C) Infinity (D) N/2 
Main Scale 
Consider the vernier calipers as shown, the instrument has no zero error. What is the 
length of the rod shown, if 1 msd = Imm? Use 7 msd = 8 vsd. НЕ ығы 


(А) 4.6 mm . (В) 4.5 mm (C) 4.3 mm (D) none — 
In a vernier calipers the main scale and the vernier scale are made up different materials. When the room 
temperature increases by AT°C, it is found the reading of the instrument remains the same. Earlier it was 
observed that the front edge of the wooden rod placed for measurement crossed the № main scale division 
and N + 2 msd coincided with the 274 vsd. Initially, 10 уза coincided with 9 msd. If coefficient of linear 
expansion of the main scale is œ, and that ofthe vernier scale is œ then what is the value of'ot,/ o? (Ignore the 
expansion of the rod on heating) 

(A) 1.8/(N) (В) 1.8 (N+2) (С) 1.8 / (3—2) (2) None 


Circular scale 


Consider a screw gauge without any zero error. What will be the final reading 
corresponding to the final state as shown? It is given that the circular head 





translates P msd in N rotations. One msd is equal to 1mm. ee ML, 
(A) (P/N) (2 + 45/100) mm (B) (N/P) (2+45/N)mm 

45 Р \ The circular scale has 100 divisions 
(СУР (2/N + 45/100)mm D) 25-0 |mm 


v 


А screw gauge has some zero error but its value is unknown. We have two 
identical rods. When the first rod is inserted in the screw, the state ofthe instrument 
is shown by diagram (Т). When both the rods are inserted together in series then 
the state is shown by the diagram (IT). What is the zero error ofthe instrument? 
1 msd = 100 csd = 1mm 

(A)-0.16 mm (В) +0.16 mm 

(C) +0.14 mm (D) -0.14 mm 








The VC shown іп the diagram has zero error in it (as you can see). It is given that 9 msd = 10 vsd. 
What isthe magnitude ofthe zero error? 


The observed reading ofthe length ofa rod measured by this VC comes out eei di 
to be 5.4 mm. Ifthe vernier had been error free then — msd would have foe 
coincided with _vsd. и ПВН 


Consider a home made уегшег scale as shown in the figure. 





to 8 then what is the least count of the instrument. 
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0.8 


0.9 


0.10 


0.11 


0.12 


0.13 


0.14 


The zero of the main scale lies 
i7 | under the circular head. 





The diagram shows the initial and the final state of SG, which has zero error in 
it. What can be the length ofthe object? 1 msd = 100 csd 


In a meter bridge set up, which of the following should be the properties of the one meter long wire? 
(A) High resistivity and low temperature coefficient 
(B) Low resistivity and low temperature coefficient 
(C) Low resistivity and high temperature coefficient 
(D) High resistivity and high temperature coefficient 


Make the appropriate connections in the meter bridge set up shown. Resistance Ал OD 
box is connected between . Unknown resistance is connected 2 

between . Battery is connected between. 

Options: E 
(A)AB (B)CD (C) EF (D) None 


Let the end error on the LHS and RHS be equal to one cm. For the balance 
point at O, find out the % tage error in the value of X? (If the end error is 1 cm 
from both sides then it means the corrected reading will become 10cm + 1cm 
from LHS and 90cm + 1ст from the RHS) Е 
(А) 4.2% (В)8.1% (C) 9.2% (D) None 





Consider the MB shown in the diagram, let the resistance X have temperature 
coefficient о.) and the resistance from the RB have the temperature coefficient 


а. Let the reading of the meter scale be 10cm from the LHS. Ifthe temperature - Кл 8—6 ii i 
ofthe two resistance increase by small temperature AT then what is the shift in | © | 
the position of the null point? Neglect all the other changes in the bridge due to 


temperature rise. oem 


1 
(Aa -AT (В) +одАТ (С) у %ауАТ (D) 56 -аДАТ 


The diagram shows ап incomplete sketch оҒа PO box. Battery is connected B C 
between . Theunknown resistance is connected between Йй pan E EE 
The galvanometer is connected between . The key K, is connected xinnn oono 
between . Dos | | 
Options: E eh Сей 
(A) CD (B) DA (C) CE (D) DF xlv 
(E)DE (F) BF (G) CF em 

For a post office Box, the graph of galvanometer deflection versus R (resistance Deflection (in division) 


pulled out of RB) for the ratio 100 : 1 is given as shown. A careless student pulls 
out two non consecutive values R as shownin the figure. Find the value ofunknown 
resistance. 

(A)3.2 ohm (B) 3.24 ohm 

(C) 3.206 ohm (D) None 
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Q.15 


Q.16 


Q.17 


Q.18 


Q.19 


Q.20 


0.21 


0.22 


0.23 


0.24 


When we operate a wheat stone bridge then in starting the key of the battery is closed first and the key of the 

Gis closed later. When the circuit is to be closed then switches are released in the opposite order. Why? 

(A) Look at the diagram of the PO box, the switch is battery is always on the right hand hence it is easier to 
press it first. 

(B) This is done to avoid the damage of the galvanometer due to induced emf. 

(C) Ifthe G switch is pressed before the battery switch then large sparking takes place at the battery switch. 

(D) While disconnecting if we open the battery switch before the G switch then we can observe induced 
current in the circuit till the G switch is not opened. 


Identify which of the following diagrams represent the internal construction of the coils wound in a resistance 
box or PQ box? 





Which of the following reading is most accurate 
(A) 4.00 cm (B) 0.004 mm (C) 40.00 cm (0) 4.00 m 


The least count of a stop watch is 1/5 sec. The time of 20 oscillations of a pendulum is measured to be 25 sec. 
The minimum percentage error in the measurement of time will be 
(А) 0.1% (B) 0.8% (C) 1.8% (D) 8% 


А vernier callipers having 1 main scale division = 0.1 cm is designed to have a least count of 0.02 cm. п be 
the number of divisions on vernier scale and m be the length of vernier scale, then 
(A)n-10,m-0.5cm (B)n=9,m=0.4cem (C)n=10,m=0.8cm  (D)n-10, m-0.2 cm 


Solve with due regard to significant digits 


2.91х 0.3842 


(1) ,6.5-6.32 (ш) 0.080 


A body travels uniformly a distance of (13.8 + 0.2)m in time (4.0 + 0.3) sec. Calculate its velocity. 


The main scale ofa vernier calipers reads in millimeter and its vernier is divided into 10 divisions which coincide 
with 9 divisions ofthe main scale. When the two jaws ofthe instrument touch each other the seventh division of 
the vernier scale coincide with a scale division and the zero of the vernier lies to the right ofthe zero of main 
scale. Furthermore, when a cylinder is tightly placed along its length between the two jaws, the zero ofthe 
vernier scale lies slightly to theleft of 3.2 cm and the fourth vernier division coincides with a scale division. 
Calculate the measured length ofthe cylinder. 


A short circuit occurs in a telephone cable having a resistance of 0.45 Om'!. The circuit is tested with a 
Wheatstone bridge. The two resistors in the ratio arms of the Wheatstone bridge network have values of 1000. 
and 1110Q respectively. A balance condition is found when the variable resistor has a value of 400Q. Calculate 
the distance down the cable, where the short has occurred. 


5.74 gm of a substance occupies a volume of 1.2 cm?. Calculate its density with due regard for significant 
figures. 
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Q.25 


Q.26 


Q.27 


Q.28 


The time period of oscillation ofa simple pendulum is given by 


rem] 
g 


The length of the pendulum is measured as /= 10 0. 1cm and the time period as T = 0.5 + 0.02 s. Determine 
percentage error in the value of g. 


A physical quantity P is related to four observables A, B, C and D as follows. 





The percentage error ofthe measurement іп A, B, C and D are 1%, 3% and 2%, 4% respectively. Determine 
the percentage error & absolute error in the quantity P. Value of P is calculated 3.763. Round offthe result in 
scientific way. 


A glass prism of angle A= 60° gives minimum angle of deviation Ө = 30? with the max. error of 1? when a beam 
of parallel light passed through the prism during an experiment. 

(i) Find the permissible error in the measurement of refractive index u ofthe material ofthe prism. 

(ii) Find the range of experimental value of refractive index ‘р’. 


In the given vernier calliper scale, the length of 1 main scale division is 1mm 
whereas the length of the vernier scale is 7.65 mm. Find the reading aci ier (айшы, 
on the scale correct to significant digits as shown in the diagram. ise onn 


5.0cm S.Scm 6.0 m 
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QI A 02 B 


Q.7 гс-1 


с050 


0.8 4msd+0.1 msd + 0.12 msd = 4.22 msd ; 4 msd + 0.1 msd + 1.12 msd = 5.22 msd & so on 


Q9 А 010 CD,AB,C Ql B 012 А (013 CECD,DF BF 


1-cos0 


| 


Q3 B Q4 D Q5 D Q6 


(1) x = 0.6 msd, (ii) 6, 154 


0.14 B 015 BCD 016 р 017 с ої B 


0.19 C 020 (004; (1) 14 0.21 у= (3.5+0.31) m/s 


0.22 3.07 ст 
0.26 14%, 0.53, 3.76 


0.28 5.045 cm 
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KEY CONCEPTS 
PART. (A) - HYDROSTATICS 


DENSITY AND RELATIVE DENSITY : 

Density is mass per unit volume. Densities of solids and liquids are frequently compared with density of 
water and the relative density of a substance is defined as follows : 

_ densityof thesubs tan се 


RELATIVE DENsiTy with respect to water 
density of water 


. massofany volumeofsubs tan ce 


massofanequalvolumeof water 


(Also known as specific gravity ofthe substance ) . 
Note that relative density being a ratio of same type of physical quantities, it is a number only , without 
any physical dimension . 


PRINCIPLE OF ARCHIMEDES : 

The principle of Archimedes states that any body , totally or partially immersed in a fluid , experiences 
anupward force or thrust which is equal to the weight of fluid it displaces and acts vertically up through 
the C. G ofthe displaced fluid . The term fluid covers liquids and gases . 


LAW OF FLOTATION: 

If a body floats in equilibrium in a fluid, its entire weight is supported by the upward thrust of 
the fluid. Hence, the weight of a floating body is equal to the weight of the fluid displaced by 
the body at the equilibrium state . 


FLUID PRESSURE : 

Pressure at any point in a fluid is defined as the normal force (or thrust) exerted by the liquid on 
the surface per unit area. 

Pressure is measured in dyne cm? in C GS units and in N m? in SI units, (also known as pascal ) . 
[ Note that pressure is a scalar quantity ] . 

When a plane surface is placed inside a liquid, the liquid exerts hydrostatic pressure on the 
surface, because of the weight of the liquid column above the surface. The totalforce exerted 
normally on the plane surface is called the thrust. The thrust over the surface is the vector sum 
of the thrusts over small area of the surface, over which the pressure can be considered to be 
uniform. Then: 

If the plane surface is horizontal, the pressure over the surface is uniform and the thrust 
=(area) x (the uniform pressure) 

If the plane surface is rectangular with its plane vertical and a pair of sides horizontal, the 
thrust = (area) x (pressure at the centre of the area). 


PRESSURE IN LIQUIDS: 

The hydrostatics pressure 'p' at any point in a liquid varies directly. 
As the vertical height (h) of the point below the surface & 

As the density (d) of the liquid. 


It can be shown that p=hdg. 
When a liquid is at rest, the pressure is same at all points at the same horizontal level. 
The pressure at a point in a liquid does not depend on either the shape of the vessel or the area 
of cross - section of the vessel. 
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6. PASCAL'S LAW : 
Pressure applied to a liquid (atrest) at one point is transmitted equally in all directions throughout 
the liquid. This is known as Pascal's Law . 
The compressibility of all liquids is exceedingly small & for all practical purposes, liquids may be 
considered incompressible. Hence, the density is constant throughout the liquid . 
Pressure at a point in a liquid is the same in all directions and is perpendicular to the surface 
upon which its acts . 


"s GUAGE PRESSURE AND TOTAL PRESSURE (ABSOLUTE PRESSURE): 
The total pressure at any point in a liquid is the addition of : 
(i) The pressure due to the liquid above the point. It is called guage pressure & 
(ii) The atmospheric pressure acting on the surface of the liquid. 
Thus total pressure = pressure due to liquid + atmospheric pressure 
г The total pressure is called absolute pressure. 


8. THRUST DUE TO PRESSURE : 
Total thrust on a horizontal surface immersed in a liquid = (PRESSURE ON SURFACE) x (AREA OF SURFACE) 
Total thrust on a vertical surface immersed іп a liquid =(PRESSURE Ат С.С; Or AREA) х (AREAOF SURFACE) 


PART (B) - HYDRODYNAMICS 


1. The study of fluids in flow is called HYDRODYNAMICS. 


2. VELOCITY - FIELD : 
It is that space, where at every point in that space, there is a definite velocity. Then the space, where 
a fluid is in flow is a VELOCITY - FIELD. 


3. FLOW -LINE : 
Іп a velocity field is an imaginary line in that space , where the tangent to the line at any point on the 
line gives the direction of the velocity at that point. A flow line is also called a VELOCITY - LINE ora 
STREAM - LINE . 


4. TYPES OF FLOW OF A FLUID : 
Then the flow of a fluid can be classified as : 
(i) A STREAM-LINE FLow , the stream lines in the flow space remains steady as time progresses. 
(ii) A TRUBULENT-FLow , the stream lines in the flow space shift their positions as time progresses. 
Іп a STREAM-LINE FLow, a group of stream lines form a tubular volume of the flow space, the 
surface of which is tangential to the stream lines, forming the lateral boundary of that tubular 
volume. Such a tubular volume in the flow space isa TuBE Or FLow. 
(iii) А steady state flow is the flow in which the fluid properties at any point in the velocity field 
do not change with time. 
Sh EquaTION OF CONTINUITY : 
Equation of continuity states that for a steady state flow of a fluid in a pipe, the rateof mass 
flow across any cross section is constant . 
dM 
ТЕ — p AV = constant . 


If the fluid is incompressible density is constant at all points, hence, equation of continuity is 
АУ — constant . 
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6. BERNOULLI'S EQUATION : 
Consider a tube of flow in the space of the stream line flow of a fluid, in a uniform gravitational 
field 5 The flou: іс ctaady otata 








Then : 
р Vv? р, V 
Lil oz 2-242 рр, 
p 2 p 
2 


Generalising and removing suffixes —4——-gz = constant . 
р 2 
This equation is called BERNOULLI's Equation for steady, non-viscous and incompressible fluid flow. 


SURFACE TENSION 
1. Surface Tension : Surface tension of a liquid is the normal force acting per unit length on either side of 
an imaginary line drawn the free surface of a liquid. The direction of this force is perpendicular to the line 
and tangential to the free surface of liquid. 


28 
УГ 
Note: The surface tension ofa liquid varies with temperature as well as dissolved impurities, etc. When soap 
mixed with water, the surface tension of water decrease. 


2 Surface Energy : Ifthe area of the liquid surface has to be increased work has to be done against the 
force of surface tension. The work done to form a film is stored as potential energy in the surface. 
W=TAA 
Sh Excess Pressure : Excess pressure inside a liquid drop 
2T 
Ap = — 








TW i 
p" r r 
4. Capillarity : Water in the capillary rises to a height 

2T 
һ= — 
гер 

R 2T совӨ 

where r is the radius of meniscus, and r= em where is the angle of contact and thus h= Rog 
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VISCOSITY 


Ifa glass plate in contact with a water column of height h is moved with constant velocity v. Forces of 
viscosity appear between the solid surface and the layer in contact. 


F--nAa 


where h is a consant called coefficient of viscosity, its cgs unit is poise. 
Dimension is ML!T-!. The SI units of viscosity equal to 10 poise. 





Stoke's Law and Terminal Velocity 
When a sphere of radius r moves with a velocity v through a fluid of viscosity h, the viscous force 
opposing the motion of the sphere is 
F = блтгу 
If for a sphere viscous force become equal to the net weight acing downward, the velocity of the body 
become constant and is known as terminal velocity. 


4 
блигут = = иг? (р- с)в 
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EXERCISE # I 


A spherical tank of 1.2m radius is half filled with oil of relative density 0.8. Ifthe tank is given 
a horizontal acceleration of 10 m/s?. Calculate the inclination of the ой surface to horizontal and maximum 
pressure on the tank. 


A piston of mass M = 3kg and radius R= 4cm hasa hole into which a thin pipe 
of radius г = Іст is inserted. The piston can enter a cylinder tightly and without 
friction, and initially it is at the bottom of the cylinder. 750gm of water is now 
poured into the pipe so that the piston & pipe are lifted up as shown. Find the 
height H of water in the cylinder and height h of water in the pipe. 





A rectangular vessel is filled with water & oil in equal proportion (by volume), the oil being twice lighter 
than water. Show that the force on each wall of the vessel will be reduced by one fifth if the vessel is 
filled only with oil. (take into consideration the fact that the oil is found at the top of the vessel). 


A solid ball of density half that of water falls freely under gravity from a height of 19.6 m and then enter 
water. Upto what depth will the ball go? How much time will it take to come again to the water 
surface? Neglect air resistance & velocity effects in water. 


Place a glass beaker, partially filled with water, in a sink. The beaker has a mass 390 gm and an interior 
volume of 500cm?. You now start to fill the sink with water and you find, by experiment, that if the 
beaker 15 less than half full, it will float; but if 15 more than half full, it remains on the bottom of the sink 
as the water rises to its rim. What is the density of the material of which the beaker is made? 


Two spherical balls A and B made up of same material having masses 2m and mare released from rest. 
Ball B lies at a distance h below the water surface while A is at a height of 2h above water surface in the 
same vertical line, at the instant they are released. 

Obtain the position where they collide. 

If the bodies stick together due to collision, to what maximum height above water surface does the 
combined mass rise? 

Specific gravity of the material of the balls is 2/3. Neglect viscosity and loss due to splash. 


Two very large open tanks A and F both contain the same liquid. A 
horizontal pipe BCD, having a constriction at C leads out of the 
bottom of tank A, anda vertical pipe E opens into the constriction at 
C and dips into the liquid in tank F. Assume streamline flow and no 
viscosity. If the cross section at С 15 one half that at D and if D is at 


а distance h, below the level of liquid in A, to what height h, (in 
terms of h, )will liquid rise in pipe E? 


For the system shown in the figure, the cylinder on the left at L has a 
mass of 600kg and a cross sectional area of 800 cm. The piston on 
the right, at S, has cross sectional area 25cm? and negligible weight. 
If the apparatus is filled with oil.(p =0.75 gm/cm?) Find the force F 
required to hold the system in equilibrium. 





8 
A siphon has a uniform circular base of diameter Te cm with its crest | К. 
1.8m 


A 1.8 m above water level as in figure. Find 

velocity of low 

discharge rate of the flow in m?/sec. 

absolute pressure at the crest levelA. [Use Pj = 10° N/m? & в = 10m/s*] 
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о 


A large tank is filled with two liquids of specific gravities 2с and с. Two holes are 
made on the wall of the tank as shown. Find the ratio of the distances from О ofthe "^ 
points on the ground where the jets from holes A & В strike. 





The horizontal pipe shown in the diagram has a cross sectional area of 
40cm? at the wider position and 10cm? at the narrow poriton. A liquid of 
specific gravity 1.6 is flowing in the pipe with volume flow rate equal to 
5 x 10? m?/s. Find the difference in the heights h between the mercury 
column in ће manometer tube. (p,,, = 13.6 x 10° kg/m?) 





Q.12(a)A spherical tank of 1.2m radius is half filled with oil of relative density 0.8. Ifthe tank is given 


(b) 


Q.13 


Q.14 


Q.15 


Q.16 


(a) 
(b) 


Q.17 


Q.18 


() 


0.19 


а horizontal acceleration of 10m/s?. Calculate the inclination of the oil surface to horizontal and 
maximum pressure on the tank. 


The volume of an air bubble is doubled as it rises from the bottom of a lake to its surface. If 
the atmospheric pressure is Н m of mercury & the density of mercury is п times that of lake water. 
Find the depth of the lake. 


Atest tube of thin walls has some lead shots in it at its bottom and the system floats vertically 
in water, sinking by a length/ =10cm. A liquid of density lessthan that of water, is poured 
into the tube till the levels inside and outside the tube are even. If the tube now sinks to a length 
1 =40 cm, the specific gravity of the liquid is : Kerosene 

8 


For the arrangement shown in the figure the value ofh ifthe pressure difference 
between the vessel Aand B is 3 kN/m? is 


Anopen cubical tank completely filled with water is kept on a horizontal surface. =: 
Its acceleration is then slowly increased to 210/5 as shown in the Fig. The side т|=: 
of the tank is 1m. Find the mass of water that would spill out of the tank. =: 





In air an object weighs 15N, when immersed completely in water the same object weighs 12N. When 
immersed in another liquid completely, it weighs 13N. Find 

the specific gravity of the object and 

the specific gravity of the other liquid. 


Compute the work which must be performed to slowly pump the water out ofa hemispherical reservoir 
of radius К — 0.6 m. 


Block Ain figure hangs by a cord from spring balance D and is submerged in a D 
liquid C contained in a beaker B. The mass of the beaker is 1kg & the mass of 
the liquid is 1.5 kg. The balance D reads 2.5 kg & balance E reads 7.5 kg.. The 
volume of block Ais 0.003 m’. 

What is the density of block & the liquid. 

What will each balance read if block is pulled out of the liquid. 





A solid cube, with faces either vertical or horizontal, is floating in a liquid of density 6 g/cc. It has two 
third ofits volume submerged. If enough water is added from the top so as to completely cover the cube, 
what fraction of its volume will remain immersed in the liquid? 
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0.23 
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0.25 


0.26 


0.27 


0.28 


0.29 


0.30 


A ball is given velocity v, (greater than the terminal velocity ут) in downward direction 
inside a highly viscous liquid placed inside a large container. The height of liquid in the 
container is H. The ball attains the terminal velocity just before striking at the bottom of 
the container. Draw graph between velocity of the ball and 
distance moved by the ball before getting terminal velocity. 





Two arms of a U-tube have unequal diameters d, = 1.0 mm and d, = 1.0 cm. If water (surface tension 
7 x 10? N/m) is poured into the tube held in the vertical position, find the difference of level of water in 
the U-tube. Assume the angle of contact to be zero. 


A spherical ball of radius 1 х 10-4 m and density 10* kg/m? falls freely under gravity through a 
distance h before entering a tank of water. If after entering the water the velocity of the ball does 
not change, find h. The viscosity of water is 9.8 х 10 N-s/m?. 


Calculate the rate of flow of glycerine of density 1.25 x 10? kg/m? through the conical section ofa 
pipe if the radii of its ends are 0.1m & 0.04m and the pressure drop across its length is 10N/m?. 

Open to atmosphere 
The tank in fig discharges water at constant rate for all water levels 
above the air inlet R. The height above datum to which water would rise 
in the manometer tubes M and N respectively are & 


A uniform cylindrical block of length / density d, and area of cross section A 
floats in a liquid of density d, contained in a vessel (d,>d,). The bottom of the 
cylinder just rests on a spring of constant k. The other end ofthe spring is fixed 
to the bottom ofthe vessel. The weight that may be placed on top ofthe cylinder 
such that the cylinder is just submerged intheliquidis — — 





Find the speed of rotation of 1 m diameter tank, initially full of water such that water surface makes an angle 
of 45? with the horizontal at a radius of 30 cm. What is the slope ofthe surface at the wall ofthe tank. 


A vertical uniform U tube open at both ends contains mercury. Water is poured in one limb until the level 
of mercury is depressed 2cm in that limb. What is the length of water column when this happens. 


Apiece of copper having an internal cavity weigh 264gm in air and 22 | gm in water. Find the volume of 
cavity. Density of copper is 8.8 gm/cc. 


A vessel contains oil density = 0.8gm/cm’. A homogeneous sphere floats with halfits volume immersed 
in mercury and the other Ват oil. The density of the material of the sphere in gm/cnr is 


An expansible balloon filled with air floats on the surface of a lake with 2/3 of its volume 
submerged. How deep must it be sunk in the water so that it is just in equilibrium neither sinking 
further nor rising ? It is assumed that the temperature of the water is constant & that the height 
of the water barometer is 9 meters. 
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EXERCISE # П 


A solid block of volume V=103m? and density d-800kg/m? is tied to one end of a string, the other end 
of whichis tied to the bottom ofthe vessel. The vessel contains 2 immiscible liquids of densities p,=1000kg/ 
m? and p,=1500kg/m?. The solid block is immersed with 2/5th of its volume in the liquid of higher 
density & 3/Sth in the liquid of lower density. The vessel is placed in an elevator which is moving up with 
an acceleration of a=g/2. Find the tension in the string. [g=10m/s?] 


An open rectangular tank Sm х 4m x 3m high containing water upto a 

height of 2m is accelerated horizontally along the longer side. 

Determine the maximum acceleration that can be given without spilling the water. 
Calculate the percentage of water split over, if this acceleration is increased by 20%. 
If initially, the tank is closed at the top and is accelerated horizontally by 9m/s?, find the gauge pressure 
at the bottom of the front and rear walls of the tank. 





A level controller is shown in the figure. It consists ofa thin circular plug of diameter 
10cm and a cylindrical float of diameter 20cm tied together with a light ngid rod 
of length 10cm. The plug fits in snugly in a drain hole at the bottom of the tank 
which opens into atmosphere. As water fills up and the level reaches height h, the 
plug opens. Find h. Determine the level of water in the tank when the plug closes 
again. The float has a mass 3kg and the plug may be assumed as massless. 





A closed tube in the form of an equilateral triangle of side / 
contains equal volumes of three liquids which do not mix and is 
placed vertically with its lowest side horizontal . Find x in the figure 
if the densities of the liquids are in А.Р. 





+2 


A ship sailing from sea into a river sinks Х mm and on discharging the cargo rises У mm. On proceeding 
again into sea the ship пзез by Z mm. Assuming ship sides to be vertical at water line, find the specific 
gravity of sea water. 


Aconical vessel without a bottom stands ona table. Aliquid is poured with the 
vessel & as soon as the level reaches h, the pressure of the liquid raises the 
vessel . The radius of the base of the vessel is R and half angle of the cone is o 
and the weight of the vessel is W. What is the density of the liquid ? 


As the arrangement shown in the fig is released the rod of mass M moves 
down into the water. Friction is negligible and the string is inextensible. 
Find the acceleration of the system w.rt. the distance moved by each mass. 
Find the time required to completely immerse the rod into water 
if т = P — Pwater ; 
M р 
р density ofrod ; Pate, ^ density of water 
The interface of two liquids of densities p and 2p respectively lies at the point A 
in aU tube at rest. The height of liquid column above A is 8a/3 where AB=a. 
The cross sectional area of the tube is S. With what angular velocity the tube 
must be whirled about a vertical axis at a distance 'a' such that the interface of 
the liquids shifts towards B by 2a/3. 
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A closed cylindrical tank 2m high & 1 m in diameter contains 1.5m of water. When the angular 
velocity is constant at 20.0 rad/s, how much of the bottom of the tank is uncovered? (The 
cylinder is rotated about vertical axis of symmetry passing through its length.) 


A cylinder of height H is filled with water to a height h, (h, < H), & is 
placed on a horizontal floor. Two small holes are punched at time t= 0 on 
the vertical line along the length ofthe cylinder, one at a height h, from the 
bottom & the other a depth h, below the level of water in the cylinder. Find 
the relation between h, & h, such that the instantaneous water jets emerging 
from the cylinder from the two holes will hit the ground at the same point. 





A cylindrical tank with a height ofh = Im is filled with water up to its rim. What time is required to empty 
the tank through an orifice in its bottom? The cross sectional area of the orifice is (1/400)th of the tank. 
Find the time required for the same amount of water to flow out of the tank if the water level in the tank 
is maintained constant at a height of h= 1m from the orifice. 


A Conical funnel whose height H=20cm is filled with water. The radius of the upper opening R ~ 12 cm. 
The lower opening through which the water begins to flow out of the funnel has the radius r=0.3 cm. 
In what time is the water level in the funnel lowered by 5 cm ? 

When wiil the funnel be emptied ? 


A water clock used in ancient Greek is designed as a closed vessel with a small A 7? 
orifice O. The time is determined according to the level of the water in the NF 
vessel. What should be the shape ofthe vessel be for the time scale to be 9 K 80cm 
uniform. Find mathematical equation governing curve AOB. N 


For the arrangement shown in the figure. Find the time interval 
after which the water jet ceases to cross the wall. 

Area ofthe tank — 0.5 m?. 

Area of the orifice = 1 cm?. 





A cylindrical tank having cross-sectional area A = 0.5 пл? is filled with two 
liquids of density p, = 900 kgm”, to a height В = 60cm as shown in the figure. 
A small hole having area a = 5 сіп? is made іп right vertical wall at a height 
y=20cm from the bottom. Calculate 

velocity of efflux. 

horizontal force F to keep the cylinder in static equilibrium, ifit is placed on a smooth horizontal plane. 
minimum and maximum value of F to keep the cylinder at rest. The coefficient of friction between 
cylinder and the plane is m = 0.01. 

velocity ofthe top most layer ofthe liquid column and also the velocity ofthe boundary separating the 
two liquids. 





A cylindrical wooden float whose base area S = 4000 cm? & the altitude H = 50 cm drifts on the 
water surface. Specific weight of wood d = 0.8 gf/cm? . 

What work must be performed to take the float out ofthe water ? 

Compute the work to be performed to submerge completely the float into the water. 


A 10cm side cube weighing 5N is immersed in a liquid of relative density 0.8 contained in a rectangular 
tank of cross sectional area 15cm x 15cm. If the tank contained liquid to a height of 8cm before the 
immersion, determine the levels ofthe bottom ofthe cube and the liquid surface. 
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Ajug contains 15 glasses of orange juice. When you open the tap at the bottom it takes 12 sec to fill a 
glass with juice. If you leave the tap open. how long will it take to fill the remaining 14 glasses and thus 
empty the jug? 


An interstellar explorer discovers a remarkable planet made entirely of a uniform incompressible fluid on 
density p. The radius of the planet is R and the acceleration of gravity at its surface is g. What is the 
pressure at the center of the planet. 


A cylindrical rod of length /= 2m & density = floats vertically in a liquid B 
B | | 
of density р as shown in Fig (а). —-- А 


Show that it performs SHM when pulled slightly up & released & A 
find its time period. Neglect change in liquid level. ©) 
Find the time taken by the rod to completely immerse when released from position shown in (b). Assume 
that it remains vertical throughout its motion. (take g = л? m/s?) 


A uniform cylinder of a light material of length /= 0.8 т and radius of cross section r= 0.01 m 
floats on a liquid of specific density p —0.9 upto half its length. The container of the liquid is 
a long cylindrical beaker of radius R=0.04m. Another perfectly immiscible liquid of specific 
density с =0.6 is now slowly poured all along the inner periphery of the beaker at a uniform rate 
of v=0.25 x 10% m?/s and it spreads itselfuniformly over the first liquid. Find the velocity with 
which the cylinder will rise or sinkin the liquid. 


Auniform rod of length b capable of tuning about its end which is out of water, Od 
rests inclined to the vertical. Ifits specific gravity is 5/9, find the length immersed 
in water. 


An open cylindrical vessel of large cross-section A contains liquid upto a 
height H = 120cm. After an orifice of area A/1000 at a height ofh = 20cm 
is opened. 

Calculate liquid heights above orifice for which it falls on both ends of T 
horizontal plate. Me" 


How long will the liquid be falling on the plate. 
Given : plate АВ is of length 60cm. (g = 10m/s?) 


A cylindrical vessel of height Н = 4 m & area of cross section 1 m? filled 
with water rests on a stand of same height H. It has a small plugged hole 
near its bottom. When plug is removed the liquid startsto come out. 

Find the range ofthe liquid as a function of instantaneous height ofthe liquid 

in the upper vessel " 
Find the volume of liquid collected in a large initially empty vessel lying on floor H 
at a distance H from the stand. 

Assume that water falling on to the floor does not flow into the vessel. 





A cube with a mass *m' completely wettable by water floats on the | 
surface of water. Each side of the cube is ‘a’. What is the distance h 

between the lower face of cube and the surface of the water if surface 

tension is S. Take density of water as р... Take angle of contact m zero. 
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EXERCISE # Ш 


A horizontal pipeline carries water in a streamline flow. At a point along the pipe where the 
cross-sectional area is 10 cm?, the water velocity is 1 ms! & the pressure is 2000 Pa. The pressure 
of water at another point where the cross sectional area is 5 cm? is pa. 

[ Density of water = 10? kg. m°] [JEE 94,21 
A container oflarge uniform cross-sectional area A resting on a horizontal surface, holds two immiscible, 


non-viscous & incompressible liquids of densities d & 24, each of height - as shown in figure . The 


lower density liquid is open to the atmosphere having pressure P, . 


A homogeneous solid cylinder of length L ( L< m cross-sectional area 


5 is immersed such that it floats with its axis vertical at the liquid-liquid 


L 
interface with the length = in the denser liquid. Determine : 


The density D of the solid & 
The total pressure at the bottom of the container. 





The cylinder is removed and the original arrangement is restored. A tiny hole of area s(s << A) 
is punched on the vertical side of the container at a height h (h « 5) . Determine : 


The initial speed of efflux of the liquid at the hole ; 

The horizontal distance x travelled by the liquid initially & 

The height h_ at which the hold should be punched so that the liquid travels the maximum distance x, 
initially. Also calculate x. [Neglect the air resistance in these calculations]. [JEE '95, 10] 


A cylindrical tank 1 m in radius rests on a platform 5 m high. Initially the tank is filled with water 
to a height of 5 m. A plug whose area is 10 п? is removed from an orifice on the side of the 
tank at the bottom. Calculate the following : 

initial speed with which the water flows from the orifice ; 

initial speed with which the water strikes the ground | & 

time taken to empty the tank to halfits original value . [ REE'95,5] 


A thin rod oflength L & area of cross-section S is pivoted at its lowest point P inside a 

stationary, homogeneous & non-viscous liquid (Figure). The rod is free to rotate ina 

vertical plane about a horizontal axis passing through P. The density d, of the material 

ofthe rod is smaller than the entity d, ofthe liquid. The rod is displaced by a small angle 

0 from its equilibrium position and then released. Show that the motion of therod 

is simple harmonic and determine its angular frequency in terms ofthe given parameters. 
[ ТЕЕ 96,51 


A large open top container of negligible mass & uniform cross-sectional area A has a small hole of 
cross—sectional area A/100 in its side wall near the bottom . The container is kept on a smooth horizontal 
floor and contains a liquid of density p and mass m. . Assuming that the liquid starts flowing out horizontally 
through the hole at t= 0, calculate 

the acceleration of the container and 

its velocity when 75 % of the liquid has drained out . [JEE 97,5] 
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A nonviscous liquid of constant density 1000 kg/n? flows in a streamline motion 
along a tube of variable cross section. The tube is kept inclined in the vertical plane 
as shown in the figure. The area of cross section ofthe tube at two points P and Q ! Q 
at heights of 2 meters and 5 meters are respectively 4 х 10-311? and 8 х 103 m°. қ 
The velocity of the liquid at point P is 1 m/s. Find the work done per unit volume by ll 5m 
the pressure and the gravity forces as the fluid flows from point P to Q. 

[ ТЕЕ '97] 


Water from a tap emerges vertically downwards with an initial speed of 1.0 ms”. The cross-sectional 
area of the tap is 10^ m?. Assume that the pressure is constant throughout the stream of water, and that 
the flow is steady. The cross-sectional area of the stream 0.15 m below the tap is [ JEE '98, 2 ] 
(A) 5.0 x 10-4 m? (B) 1.0 x10? m? (C) 5.0 x 10$ n? (D) 2.0 x 105m? 


A wooden stick of length І, and radius R and density p has a small metal piece of mass m (of negligible 
volume) attached to its one end. Find the minimum value for the mass mm (in terms of given parameters) 
that would make the stick float vertically in equilibrium in a liquid of density o (>р). [ЈЕЕ 99, 10] 


A large open tank has two holes in the wall. One is a square hole of side L ata depth y from the top and 
the other is a circular hole of radius R at a depth 4y from the top. When the tank is completely filled with 
water, the quantities of water flowing out per second from both holes are the same. Then, R is equal to: 
2-1 
2% 

ПЕЕ 2000 ($сг.)] 


eg (В) 2лі. (СУ L (D) 


J2n 


A hemispherical portion of radius R is removed from the bottom of a cylinder of 
radius В. The volume of the remaining cylinder is V and its mass is M. It is suspended 
by astring in a liquid of density p where it stays vertical. The upper surface of the 
cylinder is at a depth h below the liquid surface. The force on the bottom of the 





cylinder by the liquid is [JEE 2001 (Scr.)] 
(A) Mg (B)Mg-vpg 
(C) Mg * x R'hpg (D) pg (V + xR*h) 


A wooden block, with a coin placed on its top, floats in water as shown in Do 


figure. The distances / and ^ are shown there. After some time the coin falls 


into the water. Then [JEE 2002 (Scr.)] 
(A) / decreases and Й increases (B) / increases and h decreases 
(C) both / and A increase (D) both / and Й decrease 


A uniform solid cylinder of density 0.8 gm/cm? floats in equilibrium in a combination of 
two non mixing liquids A and b with its axis vertical. The densities ofthe liquids A and B 
are 0.7 gm/cm’ and 1.2 g/cm’, respectively. The height of liquid Ais h, = 1.2 cm. The 
length ofthe part ofthe cylinder immersed in liquid B is h, — 0.8 cm. 

Find the toal force exerted by liquid A on the cylinder. 

Find h, the length ofthe part ofthe cylinder in air. 

The cylinder is depressed in such a way that its top surface is just below the upper surface ofliquid A and 
is then released. Find the acceleration ofthe cylinder immediately after it is released. [JEE 2002] 
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Consider a horizontally oriented syringe containing water located at a 
height of 1.25 m above the ground. The diameter of the plunger is 8 mm 
and the diameter of the nozzle is 2 mm. The plunger is pushed witha 
constant speed of 0.25 m/s. Find the horizontal range of water stream 
on the ground. Take g = 10 m/s2. [JEE 2004] 





Greund 


\ 
A solid sphere of radius R is floating in a liquid of density p with half of its volume submerged. If the 
sphere is slightly pushed and released, it starts performing simple harmonic motion. Find the frequency of 
these oscillations. [JEE 2004] 
Water is filled in a container upto height 3m. A small hole of area 'a' is punched in the wall of the container 


a xs 
at a height 52.5 cm from the bottom. The cross sectional area ofthe container is A. If A =0.1 then v^ is 


(where v is the velocity of water coming out of the hole) 
(A) 48 (В) 51 (С) 50 (D) 51.5 
[JEE' 2005 (Scr)] 
n 


AU tube is rotated about one of it's limbs with an angular velocity о. Find the 
difference in height H ofthe liquid (density p) level, where diameter ofthe tube 
d ««L. 





[JEE 2005] 
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ANSWER KEY 
EXERCISE # I 

















= 2m 11 
0 2 ШЕ ees —————— 
Q.1 455960042 (gauge)N/m Q2. а WEIL. 
Q4 196m, 4 sec 0.5 279gm/cc Об  atthe water surface, h/2 
07 һ=3һҺ 08 375N 
0.9 (а) 6/2 m/s, (b) 9.6/2 х10-3М3/ѕес, (с) 4.6 x 104 N/m? 0.10 43:42 
375 
Qi] 52 =15.6cm 0.12 (а)9600,2 ,(b)nH 013 075 014 -05m,25m 
0.15 100kg 0.16 (а)5,(5)2/3 017 101.8Kgfm 
0.18 В, =2.5 kg 0.19 3/5 
ў 
9.20 8| 021 25cm 0.22 204m 0.23 6.43 x 10-4 m/s 
Dist moved H 
ig 5 
Q.24 20cm, 60cm 0.25 4, – = Ав 0.26 о- 5 rad/s, tana = 3 
0.27 544ст 0.28 13cc 0.29 72gny/cn 0.30 45т 
EXERCISE # II 
01 6N 0.2  4m/s) 10%, 0, 45kPa 
DELI LT -H o, 5 =1/ ы 
0. d 6;h,- 19 Q4 x=1/3 Q.5 UT 
W 
Q6 p^? gtano(R—thtanc.) 
M (M-m) IL(M 
-m m)gx T +m 18 
Q7 ol )в- mer 6:3 оз |8 
M+m (M+m)L сүв M-m 19a 
T 3 
Q.9 om 0.10 h =h, 0.11 80,5 sec, 404/5 sec 
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0.12 (а) 33.25, (b)64.6s 0.13 у-4х103х 014 431 sec 


0.15 (i) 4m/s, (ii) F=7.2N, (ii) =0, F__ =52.2N, (iv) both 4 x 107 m/s 


? < max 














d?H?s 4 
016 (a) 4 -32Kgf-m, (b) = SH(1-d)-2Kgf-m 
“РБ а 
163 388 12/14 pgR 
aly e = 18 t=- = ; == 
О zg om, 2 om 0.18 t Ji5 Ла Q.19 5 
0.20 25ес., 1 sec 0.21 1/907 0.22 b/3 
=% mg + 4sa 
Q.23 (a) 80cm, 5cm; (b) 300вес. 0.24 2/hH, 3m? 0.25 h= ЕЕЕ 
EXERCISE # Ш 
Q.1 500 Pa 
5 1 3 
Q.2 (a)(i) pP d, (и) рер, Tu (6H+L)dg ; (b)(i) v = [EGH ‚ (ii) x= JhGH-4h) (iii) x, = Н 
| 3g 92—41 
0.3 (i) 10 m/s, (ii) 14.1 m/s, (іш) 2.5 hr 0.4 w iz 
2L\ d, 
|_ mo 
0.5 (i) 0.2 m/s?, (ii) 4485 — Q.6 +29625 J/m’, — 30000 J/m? 
UE 
Q.7 C 
Q8 m, -mnrl( Joc — р); if tilted then it's axis should become vertical. C.M. should be lower than 
centre of bouyancy. 0.9 А 0.10 D 
0.11 D 0.12 (а)0, (b)h=0.25 cm, (с) a= 2/6 (upward) 
13 x-2 a em ЕН 0.15 С 16H= ior 
го s Ары Е 
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QUESTION BANK ON FLUID MECHANICS 


There are 58 questions in this question bank. 


0.1 


Q2 


Q.3 


Q.4 


Q.5 


Q.6 


Q.7 


Q.8 


Two cubes ofsize 1.0 m sides, one of relative density 0.60 and another of relative density = 1.15 аге 
connected by weightless wire and placed іп a large tank of water. Under equilibrium the lighter cube will 
project above the water surface to a height of 

(A) 50 cm (B) 25 cm . (© 10 ст (D) zero 


A rectangular tank is placed on a horizontal ground and is filled with water to a height H above the 
base. A small hole is made on one vertical side at a depth D below the level of the water in the tank. 
The distance x from the bottom of the tank at which the water jet from the tank will hit the ground is 


(A) 2,/D(H-D) (B) 2./DH (© 2/D(H+D) (D) > VDH 

A beaker is filled in with water is accelerated a m/s? in+x direction. The surface of water shall make on angle 
(A) tan! (a/g) backwards i (B) tan"! (a/g) forwards 

(C) сої (р/а) backwards (D) cot"! (g/a) forwards 


A jet of water with cross section of 6 ст? strikes a wall at an angle of 60? to the normal and rebounds 
elastically from the wall without losing energy. If the velocity of the water in the jet is 
12 m/s, the force acting on the wall is 

(A) 0.864 Nt (B) 86.4 Nt (C) 72 Nt (D) 7.2 Nt 


The vertical limbs ofa U shaped tube are filled with a liquid of density p upto a height h on each side. The 
horizontal portion of the U tube having length 2h contains a liquid of density 2p. The U tube is moved 
horizontally with an accelerator 5/2 parallel to the horizontal arm. The difference in heights in liquid levels 
inthe two vertical limbs, at steady state will be 


2h 8h 4h 
(A) P (B) = (Cy. (D) None of these 


The cross sectional area of a horizontal tube increases along its length linearly, as we move in the direction 
of flow. The variation of pressure, as we move along its length in the direction of flow (x-direction), is 
best depicted by which of the following graphs 


P Р Р Р 
(A) (B) | uu (C) - (D) = 


A cylindrical tank of height 1 m and cross section area A= 4000 cm’ is initially empty when it is kept 
under а tap of cross sectional area 1 cm?. Water starts flowing from the tap at t = 0, with a 
speed = 2 m/s. There is a small hole in the base of the tank of cross-sectional area 0.5 cm?. The 
variation of height of water in tank (in meters) with time t is best depicted by 





A bucket contains water filled upto a height = 15 cm. The bucket is tied to a rope which is passed over 
a frictionless light pulley and the other end of the rope is tied to a weight of mass which is half of that of 
the (bucket + water). The water pressure above atmosphere pressure at the bottom is 

(A) 0.5 kPa (B) 1 kPa 

(C) 5 kPa | (D) None of these 
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A cubical box of wine has a small spout located in one of the bottom 
corners. When the box is full and placed on alevel surface, opening 
the spout results in a flow of wine with a initial speed of v, (see 





figure). When the box is half empty, someone tilts it at 45° so that the 
spout is at the lowest point (see figure). When the spout is opened = 
the wine will flow out witha speed of. = 
(A) Vo (В) м/2 ` (С) уо / 2 (D) у/3/2 ate 


А сопе ofradius R and height H, is hanging inside a liquid of density р by means 
ofa string as shown in the figure. The force, due to the liquid acting on the slant 
surface of the cone is 





4 2 
(А) pngHR? (В) mpHR? (С) = npgHR? (D) = прене? 


A cuboidal piece of wood has dimensions а, Б and с. Its relative density is 4. It is floating ina large body 
of water such that side a is vertical. It is pushed down a bit and released. The time period of SHM 
executed by it is : 


27 | pe ік 2n [be да 
(А) 2m Bi (Oum (D) 2.7 
Wateris flowing steadily through a horizontal tube of nonuniform cross-section. Ifthe pressure of water 
is 4 х 10*N/m? ata point where cross-section is 0.02 m? and velocity of flow is 2 m/s, what is pressure 
at a point where cross-section reduces to 0.01 m?. 

(А) 1.4 x 104 №2 (B)34x10^N/m (С) 2.4х 10-4 №№т2 (D)noneofthese 


A vertical cylindrical container of base area A and upper cross-section 
area A, making an angle 30? with the.horizontal is placed in an open ! 
rainy field as shown near another cylindrical container having same | 
base area A. The ratio of rates of collection of water in the two containers 
will be 


(A) 2/43 (B) 4/3 (C)2 
The area of cross-section of the wider tube shown in figure is 
800 cm?. If a mass of 12 kg is placed on the massless piston, the 


difference in heights h in the level of water in the two tubes is : 
(A) 10 cm (B) 6 cm (C) 15 cm (D) 2 cm 







А slender homogeneous rod of length 2Z floats partly immersed in water, being 
supported by a string fastened to one of its ends, as shown. The specific gravity 
ofthe rod is 0.75. The length of rod that extends out of water is : 





(A)L (B) - L (©) L (D)3L 


A fluid container is containing a liquid of density p is accelerating upward 
with acceleration a along the inclined place of inclination о. as shown. Then 
the angle of inclination Ө of free surface is : 








(А) tn" | (в) tn | es d 
gcosa gcosa 
| a—gsin a d a—gsin a 
Ан агана ар ЕЯ 





€ Bansal Classes Question Bank on Fluid Mechanics [3] 


Q.17 


Q.18 


Q.19 


Q.20 


Q.21 


Q.22 


0.23 


0.24 


0.25 


А dumbbell is placed in water of density р. It is observed that by attaching a mass m to the rod, the 
dumbbell floats with the rod horizontal on the surface of water and each sphere exactly half 
submerged as shown in the figure. The volume of the mass m is negligible. The value of length / is 


4(у,-3М) | | 4(у,-2М) “асса 27 
(A) 2(у - 2M) (В) 2(у, -3M) ! O: 
d(V, +2M) d(V, -2M) 
(C) 2(V, -3M) ў (0) 2(V, +3M) 


Figure shows a three arm tube in which a liquid is filled upto 
levels of height /. It is now rotated at an angular frequency œ 
about an axis passing through arm B. The angular frequency o at 
which level of liquid in arm B becomes zero. 


(A) (= (В) ү (С) ү (D) ies 


Two bodies having volumes V and 2V are suspended from the two arms of a common balance and they 
are found to balance each other. If larger body is immersed in oil (density d, = 0.9 gm/cm?) and the 
smaller body is immersed in an unknown liquid, then the balance remain in equilibrium. The density of 
unknown liquid is given by : 

(A) 2.4 gm/cm?3 (B) 1.8 gm/cm?3 (С) 0.45 gm/cm? (D) 2.7 gm/cm? 

A tube is attached as shown in closed vessel containing water. The 
velocity of water coming out from a small hole is : c 
(A) JZ m/s | (B)2 m/s 20cm |2: 
(C) depends on pressure of air inside vessel (Р) None of these 


Alarge tank is filled with water to a height Н. A small hole is made at the base of the tank. It takes T, time 
to decrease the height of water to Н/ц, (n> 1) and it takes Т. time to take out the rest of water. If 
T, - T, , then the value of nis : 

(А)2 (B)3 | (С) 4 (D) 2/2 


A container of large surface area is filled with liquid of density p. A cubical block of side edge a and miss 
Mis floating in it with four-fifth of its volume submerged. Ifa coin of mass mis placed gently on the top 
surface of the block is just submerged. M is 

(А) 4m/5 (В) п/5 (C) 4m (D) 5m 


The weight of an empty balloon ona spring balance is у. The weight becomes w, when the balloon 15 
filled with air. Let the weight ofthe air itself be w .Neglect the thickness of the balloon when it is filled with 
air. Also neglect the difference in the densities of air inside & outside the balloon. Then : 

(А) №, =: №, (В) №, =: ууу + у (С) w,<w,t+w (D) w,>w, 








In the case of a fluid, Bernoulli's theorem expresses the application of the principle of conservation of : 
(A) linear momentum (В) епегру (C) mass (D) angular momentum 


Fountains usually seen in gardens are generated by a wide pipe-with an enclosure at one end having 
many small holes. Consider one such fountain which is produced by a pipe of internal diameter 
2 cm in which water flows at arate 3 ms“!. The enclosure has 100 holes each of diameter 0.05 cm. The 
velocity of water coming out ofthe holes ids (іп ms“): 

(A) 0.48 (B) 96 D (C) 24 (D) 48 





€ Bansal Classes Question Bank on Fluid Mechanics [4] 








Q.26 


Q.27 


Q.28 


Q.29 


Q.30 


0.31 


032 


0.33 


0.34 


Water flows through а frictionless duct with а cross-section varying as 
shown in figure. Pressure p at points along the axis is represented by 


P P P P 
(A) s (B) | 4 (С) (D) \/ 


A boy carries a fish in one hand and a bucket(not full) of water in the other hand . If he places the 
fish in the bucket , the weight now carried by him (assume that water does not spill) : 

(A) is less than before (B) is more than before 

(С) isthe same as before  . ` (D) depends upon his speed 





A cubical block of wood of edge 10cm and mass 0.92kg floats on a tank of water with oil of rel. density 0.6 
to a depth of 4cm above water. When the block attains equilibrium with four of its sides edges vertical 
(A) 1ст of it will be above the free surface of oil. 

(В) 5cm of it will be under water. 

(С) 2cm of it will be above the common surface of oil and water. 

(D) 8cm of it will be under water. 


The spring balance A reads 2 kg with a block m suspended from it. A 
balance B reads 5 kg whena beaker with liquid is put on the pan of the 
balance. The two balances are now so arranged that the hanging mass 

is inside the liquid in the beaker as shown in the figure in this situation: 

(A) the balance A will read more than 2 kg 

(B) the balance B will read more than 5.kg 

(C) the balance A will read less than 2 kg and B will read more than 5 kg 
(D) the balances A and B will read 2 kg and 5 kg respectively. 





An open cubical tank was initially fully filled with water. When the tank was accelerated опа horizontal 
plane along one ofits side it was found that one third of volume of water spilled out. The acceleration was 


(А) 2/3 (В) 20/3 t (С) 32/2 (D) None 


Acork of density 0.5gcm^? floats on a calm swimming pool. The fraction ofthe cork's volume which is 
under water is 
(A) 096 (B) 2594 (C) 1094 (D) 5096 


A cylindrical vessel filled with water upto the height H becomes empty in time t, due to a small hole at the 
bottom ofthe vessel. If water is filled to a height 4H it will flow out in time 


(А), (B) 4t, (C) 8t, (D)2t, 


A cylindrical vessel open at the top is 20cm high and 10cm in diameter. A circular hole whose cross-sectional 
area 1 cm? is cut at the centre of the bottom of the vessel. Water flows from a tube above it into the vessel 
at the rate 100 cm?s. The height of water in the vessel under steady state is (Take g=1000 cms?) 

(A) 20 cm (B) 15 cm (C) 10 cm (D) 5 ст 


A fire hydrant delivers water of density р at a volume rate L. The water travels 9 ~———— 
vertically upward through the hydrant and then does 90° turn to emerge horizontally 

at speed V The pipe and nozzle have uniform crosssection throughout. The force | 
exerted by the water on the corner of the hydrant is у 


(A) pVL Вю =. (©) 2VL (D) /2pVL 
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A vertical tank, open at the top, is filled with a liquid and rests on a smooth horizontal surface. A small hole 
is opened at the centre of one side of the tank. The area of cross-section of the tank is N times the area of 
the hole, where N is a large number. Neglect mass of the tank itself. The initial acceleration of the tank is 








5 g 5 


A body of density р’ is dropped from rest at а height h into a lake of density p , where p> р’. Neglecting 
all dissipative forces, calculate the maximum depth to which the body sinks before returning to float on 
the surface. 

ho’ А hp 

р-р’. р-р 

А Newtonian fluid fills the clearance between a shaft and a sleeve. When а force of 800N is applied to 
the shaft, parallel to the sleeve, the shaft attains a speed of 1.5 cm/sec. Ifa force of 2.4 КМ is applied 


instead, the shaft would move with a speed of 
(A) 1.5 cm/sec (B) 13.5 cm/sec (C) 4.5 cm/sec (D) None 


Asolid metallic sphere of radius r is allowed to fall freely through air. If the frictional resistance due to air 
is proportional to the cross-sectional area and to the square of the velocity, then the terminal velocity of 
the sphere is proportional to which of the following? 

(А) г (B)r | (С) г? (р) г? 


Two water pipes P and Q having diameters 2 х102 and 4 x10?m, respectively, are joined in series 
with the main supply line of water. The velocity of water flowing in pipe P is 

(A) 4 times that of Q (B)2 times that of Q 

(C) 1/2 times of that of Q (D) 1/4 times that of Q 


Water flows into a cylindrical vessel of large cross-sectional area at a rate of 104 m/s. It flows out from a hole 
of area 10-4 m?, which has been punched through the base. How high does the water rise in the vessel? 
(A)0.075 m (B)O051m - (C)0.031 m (D) 0.025 т 





(a) Ee (ву 5e. (С) 
Р-Р р ; . 


Two cyllinders of same cross-section and length L but made of two material of densities d, and d, are 
cemented together to form a cylinder of length 2L. The combination floats ша liquid of density d witha 
length L/2 above the surface of the liquid. If d, > d, then: 


3 а а 
(А) d, > 14 (В)> >а, a (C) 4 > 4 (D) d « d, 


There is a horizontal film of soap solution. On it a thread is placed in the form of a loop. The film is 
pierced inside the loop and the thread becomes a circular loop of radius R. If the surface tension of the 
loop be T, then what will be the tension in the thread? 

(A) nR2/T (b) xR?T (C) 2лКТ (D)2RT 


Some liquid is filled in a cylindrical vessel of radius R. Let F, be the force applied by the liquid on the 
bottom ofthe cylinder. Now the same liquid is poured into a vessel ofuniform square crss-section of side 
R. Let F, bethe force applied by the liquid on the bottom ofthis new vessel. Then: 


E - 
(A) F, -тЕ, B) F=% 5 (СЕ, = Vn, (D) F, =F, 


A tankis filled up to a height 2H with a liquid and is placedon a platform of height H from the ground. The 
distance x from the ground where a small hole is punched to get the maximum range В 15: 
(A)H (B) 1.25H ` (С) 15H (D)2H 
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Acontainer, whose bottom has round holes with diameter 0.1 mm is filled with water. Тһе maximum 
height in cm upto which water can be filled without leakage will be what? 

Surface tension = 75 х 10? N/m and g = 10 m/s?: 

(A) 20 cm (B) 40 cm (C) 30 cm (D) 60 cm 

In a cylindrical vessel containing liquid of density p, there are two holes in the 
side walls at heights ofh, and h, respectively such that the range of efflux at the 
bottom of the vessel is same. The height.ofa hole, for which the range of efflux 
would be maximum, will be 








(АВВ, (B) hy +h, 
с 2% (оу = 


Apiece of steel has a weight W in air, W, when completely immersed in water and W, when completely 
immersed in an unknown liquid. The relative density (specific gravity)of liquid is: 


(А) W_w, Ow-w (Оуу, ©) w -w, 





Alarge tank is filled with water (density = 10? kg/m*). A small hole is made at 
a depth 10 m below water surface. The range of water issuing out ofthe hole 
is Ron ground. What extra pressure must be applied on the water surface so 
that the range becomes 2R (take 1 atm = 10? Pa and g = 10 m/s2): 

(A) 9 atm Ж” (B) 4 atm 

(C) 5 atm - (D)3 atm 


Two drops of same radius are falling through air with steady velocity of v cm/s. If the two drops 
coalesce, what would be the terminal velocity? 

(A) 4v (В) (4) (C)2v (D) 64 v 

A ball ofrelative density 0.8 falls into water from a height of 2m. The depth to which the ball will sink is 
(neglect viscous forces): 

(A)8m (B)2m (C)6m (D)4m 
A liquid of mass 1 kg is filled ina flask as shown in figure. The force exerted by 
the flask on the liquid is (g = 10 m/s?): 

(A)10N . (B) greater than 10N (С) less than 10N (D) zero 








Figure shows a siphon. Choose the wrong statement: 
(A) Siphon works when h, > 0 

(B) Pressure at point 2 is P, = P) — pgh, 

(C) Pressure at point 3 is P, 

(D) None of the above 

(Р = atmospheric pressure) 





Iftwo soap bubbles of different radii are connected by a tube, | 

(A) air flows from the bigger bubble to the smaller bubble till the sizes become equal 
(B) air flows from bigger bubble to the smaller bubble till the sizes are interchanged 
(C) air flows from the smaller bubble to the bigger 

(D) there is по flow of air. . Ё 
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0.54 A cubical block of side ‘a’ and density ‘р’ slides over a fixed inclined plane with 
constant velocity ‘v’. There is a thin film of viscous fluid of thickness ‘t’ between 
the plane and the block. Then the coefficient of viscosity of the thin film will be’ 


3pagt 4pagt pagt 
a o (Qu 





(D) none ofthese 


Q.55 Which ofthe following graphs best represents the motion of a raindrop? 


(C) | (D) / 


0.56 Two soap bubbles with radii г and (г, > г.) come in contact. Their common surface has a radius of 
curvature r. 


nr Ij T, fj T 
(A) r= oa (В) r= m-n (C)r= "m (D) r= Jnr, 


0.57 Aspherical ball of density p and radius 0.003m is dropped into a tube containing 
a viscous fluid filled up to the 0 cm mark as shown in the figure. Viscosity of 
the fluid = 1.260 №. тг? and its density p, = p/2 = 1260 kg.m'?. Assume the ball 


reaches a terminal speed by the 10 cm mark. Thetime taken by the ball to 
traverse the distance between the 10 cm and 20 cm mark is 

(A) 500 us (В) 50 ms (С) 0.5 $ (D) 5s 
(в acceleration due to grayity = 10 ms?) 


у 


(А) 














0.58 A sphere is dropped under gravity through a fluid of viscosity n. Ifthe average acceleration is half of the 
initial acceleration, the time to attain the terminal velocity is (p = density of sphere ; 


г = radius) 
(А) T (B) е (С) m (D) n 
ANSWER KEY 

01 B Q2 A Q3 AC 0.4 В Q5 B 
Q6 A Q7 C Q8 B Q9 D 0.10 D 
оп D 0.12 B 0.13 C 0.14 C Q15 A 
Q.16 B 0.17 B 0.18 C 0.19 B Q20 B 
O21 38 Q22 C Q23 AC Q24 B Q25 D 
Q26 A 027 ЗС Q28 C,D Q.29 B,C 0.30 В 
0.31 D 0.32 D 0.33 D 0.34 D QWi35. С 
0.36 C 037 С 0.38 D 039 А 0.40 В 
0.41 А 0.42 D 0.43 D 0.44 С 0.45 С 
0.46 D 0.47 В 0.48 D 0.49 В 0.50 А 
0.51 А 0.52 D 0.53 С 0.54 А 0:55 © 
0.56 В 0.57 D 0.58 А 
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(а) 
(b) 


Q.10 
О.П 


SHORT. QUESTIONS 


The position ofthe optical axis N,N,, the path of ray AB incident upon a lens E | с 
and the refracted ray ВС are known (figure). Find by construction the position 
of the main foci of the lens. 


N CENE N. 

Point S' is the image of a point source of light S in a spherical mirror whose .5 
optical axis is N,N, (figure). Find by construction the position of the centre of 
curvature and its focus. Ni ‚5 № 
The positions of optical axis N,N, of a spherical mirror, the source and the 
image are known (figure). Find by construction the positions of the centre of the ^ В 
curvature, its focus and the pole for the cases: Y ы є 

t 2 


(а) A- source, B – image; (b) B - source, А — image 


The layered lens shown in figure is made of two kinds of glass. What image will be produced by 
this lens with a point source arranged on the optical axis? Disregard the reflection of light on the 
boundary between layers. 


Aray of light falls on a convex mirror, as shown in figure. Trace the path of the ray further. 





A double convex lens of focal length flies between a source of light and a screen. The distance between 
the source of light and the screen is less than 4f. It is known that in these conditions it is not possible to 
obtain an image of the source on the screen, whatever the position of the lens. How can an image of the 
source be obtained on the screen with quite simple means and without moving either lens or screen? 


In figure is depicted the path of a ray of light BC after refraction in a double 
convex lens L of principal focus F and of principal axis OO. Find by 
construction the path of this ray before reaching the lens. 





Where should a point source of light lie along the principal axis ofa converging lens so that it is impossible 
to see the source and its image simultaneously from any point? 


A disk whose plane surface are parallel is cut as shown 
in figure (1), then the lenses so obtained are moved apart. 
What will happen to a beam of parallel rays falling on to 
the resulting system: é Я 

from the side of the converging lens (figure ii), figure (i) figure (ii) figure (iii) 
form the side of the diverging lens (figure ш)? 

Consider the cases when the distance between the lenses is less than the focal length and when it is 
greater than the focal length. 





— P 


What will happen if a plane mirror is placed in the path of a converging beam ? 


Cana prism transmit rays at all angles of incidence? 
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Why is it difficult to shoot a fish swimming in water 7 


A light ray passes through the interface between two transparent media . Under what condition will the 
angle of refraction be equal to the angle of incidence ? 


In what case will a bi-convex lens be diverging ? 
Is the width of a beam increased or decreased in going from air to water? 
Ordinary paper becomes transparent when it is oiled. Explain. 


If there are scratches on the lens of a camera, they do not appear on a photograph taken with the 
camera. Explain. Do the scratches affect the photograph at all? 


Concave mirrors are used as shaving mirrors. Why? Should such mirrors have short or long focal lengths? 


A sign painted on a store window is reversed when viewed from inside the store. If a person inside the 
store views the reversed sign in a plane mirror, does the sign appear as it would when viewed from 
outside the store? (Try it by writing some letters on a transparent sheet of paper and then holding the 
back side ofthe paper up to a mirror.) Explain. 


If you stand between two parallel plane mirrors, you see an infinite number of images of yourself. This 
occurs because an image in one mirror is reflected in the other mirror to produce another image, which 
is then re-reflected, and so forth. The multiple images are equally spaced. Suppose that you are facing a 
convex mirror, with a plane mirror behind you. Describe what you would see and comment about the 
spacing between any multiple images. Explain your reasoning. 


In the figure, suppose that a layer of oil were added on top of the water. The angle 0, at which the 
incident light travels through the air remains the same. Assuming that light still enters the water, does the 
angle of refraction at which it does so change because of the presence ofthe oil? Explain. 


Normal 






! 
Incident Г Reflected 
ray 


Air (n,71.00) 
Water (n71.33)::3$ ЕЕЕ S 


A beam ofblue light is propagating in glass. When the light reaches the boundary between the glass and 
the surrounding air, the beam is totally reflected back into the glass. However, red light with the same 
angle ofincidence is not totally reflected, and some ofthe light is refracted into the air. Why do these two 
colors behave differently? 


To a swimmer under water, objects look blurred and out of focus. However, when the swimmer wears 
goggles that keep the water away from the eyes, the objects appear sharp and in focus. Why do goggles 
improve a swimmer's underwater vision? 
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ONLY ONE OPTION. IS CORRECT. 


Take approx. 2 minutes for answering each question. 
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A person runs with а speed u towards а bicycle moving away from him with speed v. The person 
approaches his image in the plane murror fixed at the rear of bicycle with a speed of 

(A)u-v (B)u-2v 

(C)2u -v (D) Z(u - v) 


А beam of light strikes one mirror ofa right angle mirrorassemblyatanangleof пики ететин 


incidence 45? as shown in the figure. The right angle mirror assembly is rotated 
such that the angle of incidence becomes 60°. Which ofthe following statement 
is correct about the emerging light beam. 

(A) It will move through an angle of 15? w.r.t. the original emerging beam. 

(B) It will move through an angle of 30° w.r.t. the original emerging beam. 

(C) It will move through an angle 45? w.r.t. the original beam. 

(D) It will emerge parallel to the original emerging beam. . 





Two mirrors labelled L, for left mirror and L, for right mirror in the figure are 
parallel to each other and 3.0 m apart. A person standing 1.0 т from the right 
mirror (L,) looks into this mirror and sees a series of images. The second nearest 
image seen in the right mirror is situated at a distance : 

(A) 2.0 mfrom the person (B) 4.0 m from the person 
(C) 6.0 m from the person (D) 8.0 m from the person. 





2m im 


The reflection surface of a plane mirror is vertical. A particle is projected in a vertical plane which is also 
perpendicular to the mirror. The initial velocity ofthe particleis 10 m/s and the angle of projectionis 60?. 
The point of projection is at a distance 5 m from the mirror. The particle moves towards the mirror. Just 
before the particle touches the mirror the velocity of approach ofthe particle and its image is : 


(A) 10 m/s (B) 5 m/s (C) 1043 m/s (D) 5/3 m/s 


A boy of height 1.5 m with his eye level at 1.4 m stands before a plane mirror of length 0.75 m fixed 
on the wall. The height of the lower edge of the mirror above the floor is 0.8 m. Then : 

(A) the boy will see his full image (B) the boy cannot see his hair 

(C) the boy cannot see his feet (D) the boy cannot see neither his hair nor his feet. 
Two plane mirrors are inclined at 70°. A ray incident оп one mirror at angle Ө after reflection falls on the 


second mirror and is reflected from there parallel to the first mirror, 9 is : 
(A) 50° (В) 45° . (C) 30° (D) 55° 







Two plane mirror AB and AC are inclined at an angle 9 = 20°. A ray of light ЖТ; 
starting from point P is incident at point О on the mirroe AB, then at R on mirror у 

AC and again on S on AB finally the ray ST goes parallel to mirror Ac. The 
angle iwhich the ray makes with the normal at point Q on mirror AB is б 
(A) 20° (В) 30% Атту С 
(С) 40° (D) 60° 


at distance L from the connecting line of mirrors as shown in figure. A man M, is 


Two plane mirrors of length L are separated by distance L and a man M, is standing А м, 
L 
walking is a straight line at distance 2 L parallel to mirrors at speed и, then man М, | 
м 


at О willbe able to see image of M, for total time: 


3L 6L 9L | A. 
(лу = e) (o o> | | 
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Two plane mirrors are placed parallel to each other at a distance L apart. A point object О is placed 
between them, at a distance L/3 from one mirror. Both mirrors form multiple images. The distance 
between any two images cannot be 

(А) 3L/2 (В) 2L/3 Р (С) 21. (D) None 


0.10) Two blocks each of mass mlie ona smooth table. They are attached to two other 


11 


Q.12 


Q.13 


Q.14 


Q.15 


Q.16 


masses as shown in the figure. The pulleys and strings are light. An object O is 
kept at rest on the table. The sides АВ & CD of the two blocks are made reflecting. z 
The acceleration of two images formed in those two reflecting surfaces w.r.t. each l E 
other is: 3 
(A) 56/6 (В) 5g/3 (С) g/3 (D)17g/6 3% 


As shown in the figure a particle is placed at O in front of a plane mirror M. A 
man at P can move along path PY and PY' then which ofthe following is true 
(A) For all point on PY man can see the image of O ма 
(B) For all point on PY' man сап see the image, but for no point on PY he can 
see the image of O 
(C) For all point оп PY' he can see the image but on PY he can see the image 
only upto distance d. 
(D) He can see the image only upto a distance d on either side of P. 





Aman of height ‘h’ is walking away from a street lamp with a constant speed “у”. The height of the street 
lamp is 3h. The rate at which ofthe length of the man's shadow is increasing when he is at a distance 10h 
from thebase ofthe street lamp is : 

(A) v/2 (B) v/3 (C) 2v (D) v/6 


A two eyed man is looking at thejunction of two large mutually perpendicular 
mirrors from a far off distance. Assume no reflection to occur from the edge. 

Then if both the eyes are open 

(A) The eye 1 of man can see image of both eye 1 and eye 2. 

(В) The eye 1 can see image of eye 1 only and eye 2 see image of eye 2 only. 

(C) The eye 1 can see image of eye 2 only and eye 2 can see image of eye one only. 
(D) All the above statements are false. 





Mirror(1) 
e 


In the diagram shown, all the velocities are given with respect to earth. What is the < 
relative velocity of the image in mirror (1) with respect to the image in the mirror (2)? 

The mirror (1) forms an angle В with the vertical. | 

(A) 2Vsin2 (B)2VsinB  : (C) 2V / sin2p (D) none NT 


Mirror(2) 
A point object is kept in front ofa plane mirror. The plane mirror is doing SHM of amplitude 2 cm. The 
plane mirror moves along the x-axis and x-axis is normal to the mirror. The amplitude ofthe mirror is 
such that the object is always infront ofthe mirror. The amplitude of SHM ofthe image is 
(A) zero (B)2 cm : (C) 4 cm (D) 1 cm 


A point source of light S is placed in front of two large mirrors as shown. Which 
of the following observers will see only one image of S? 

(A) only A қ (B) only C 

(C) BothA and C (D) BothB and C 


Two mirrors, labeled LM for left mirror and RM for right mirror in the adjacent 
figure, are parallel to each other and 3.0 m apart. A person standing 1.0 m from 
the right mirror (RM) looks into this mirror and sees a series of images. How far 
from the person is the second closest image seen in the right mirror (RM)? 
(A) 10.0 m i | (B) 4.0m 


1 


(С)6.0т } (D) 8.0m 
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Two mirrors АВ and CD are arranged along two parallel lines. The maximum number of = 
images of object O that can be seen by any observer is 
(A) One (B) Two (C) Four (D) Infinite 


A 
B 





А concave mirror is used to form image of the Sun on a white screen. If the lower half of the mirror 
were covered with an opaque card, the effect on the image on the screen would be 

(A)negizible AV 545 (green ee ian сыре Ме T 

(B) to make the image less bright than before 

(C) to make the upper half of the image disappear 

(D) to make the lower half of the image disappear 


A convex mirror of focal length ‘f is placed at the origin with its reflecting surface towards the negative 
x-axis. Choose the correct graphs between ‘У’ and *u' foru < 0. 





In the figure shown, the image оҒа real object is formed at point I. x d, 
AB isthe principal axis ofthe mirror. The mirror must be : : мени _ В 
(A) concave & placed towards right I vat 

(B) concave & placed towards left of I 

(C) convex and placed towards right of I 


(D) convex & placed towards left of I. 


An infinitely long rod lies along the axis of a concave mirror of focal length f. The near end ofthe rod is 
at a distance u > f from the mirror. Its image will have a length 


uf f^ 


u-f OTe 2) 











(В) 


1 


A point source is situated at a distance x < f from the pole of the concave mirror of focal length f At time 
t=0, the point source starts moving away from the mirror with constant velocity. Which of the graphs 
below represents best, variation ofimage distance | v | with the distance x between the pole of mirror and 
the source. 





a a ааа x Г 

A point object is between the Pole and Focus of a concave mirror, and moving away from the mirror 
with a constant speed. Then, the velocity of the image is : 

(A) away from mirror and increasing in magnitude 

(B) towards mirror and increasing цу magnitude 

(C) away from mirror and decreasing in magnitude 

(D) towards mirror and decreasing in magnitude 


An object is placed in front of a convex mirror at a distance of 50 cm. A plane mirror is introduced 
covering the lower half of the convex mirror. If the distance between the object and the plane mirror is 
30 cm, it is found that there is no gap between the images formed by the two mirrors. The radius ofthe 
convex mirror is : 

(A) 12.5 cm (B)25 cm (C) 50 cm (D) 100 cm 
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A concave mirror is placed on a horizontal table, with its axis directed vertically upwards. Let O be the 
pole of the mirror and C its centre of curvature. A point object is placed at C. Tt has a real image, also 
located at C (a condition called auto-collimation). Ifthe mirror is now filled with water, the image will be: 
(A) real, and will remain at C 

(В) real, and located at a point between С and оо 

(C) virtual, and located at a point between C and O. 

(D) real, and located at a point between C and O. 


Aray oflight is incident on a concave mirror. It is parallel to the principal axis and its height from principal 
axis is equal to the focal length of the mirror. The ratio of the distance of point B to the distance of the 
focus from the centre of curvature is (AB is the reflected ray) с. 

2 45 | 

R (B) — (04 = (D) 5 
y3 4 3 = 
A luminous point object is moving along the principal axis ofa concave mirror of focal length 12 cm towards it. 
When its distance from mirror is 20 cm its velocity is 4 cm/s. The velocity of the image in cm/s at that instant : 


(A) 6 towards the mirror (B) 6 away from the mirror 
(C) 9 away from the mirror и (О) 9 towards the mirror 








When an object is placed at a distance of 25 cm from a concave mirror, the magnification is m,. The 
object is moved 15 cm farhter away with respect to the earlier position, and the magnification becomes 
m». Ifm,/m, = 4 the focal length of the mirror is (Assume image is real m,, m, are numerical values) 
(А) 10 cm (В) 30 ст (С) 15 ст (0) 20 ст 


25 ах” 
A reflecting surface is represented by the equation Y = o sin| sid ‚ О<х < Г. Атау travelling 


horizontally becomes vertical after reflection. The coordinates of the point ($) where this ray is incident is 


L V2L Uem 3L ы, 2b «SU. 
Ca x QE" ge 0 "ra (ШІ Tum 


The origin of x and y coordinates is the pole ofa concave mirror of focal length 20 cm. The x-axis is the 
optical axis with x > 0 being the real side of mirror. A point object at the point (25 cm, 1 cm) is moving 
with a velocity 10 cm/s in positive x-direction. The velocity of the image in cm/s is approximately 

(A) -80i17 8j (В) 1601+8}] (C)-16017 8j (D) 1601-4) 





In the figure shown if the object “О” moves towards the plane mirror, then the image 7 
I (which is formed after successive reflections from M, & М, respectively) 








(A) towards right (B) towards left (С) with zero velocity (D) cannot be deemed 


All of the following statements are correct except (for real object): 

(A) the magnification produced by a convex mirror is always less thenor equal to one 
(В) a virtual, erect, same sized image can be obtained using a plane mirror 

(C) a virtual, erect, magnified image can be formed using a concave mirror 

(D) a real, inverted, same sized image can be formed using a convex mirror. 


The distance of an object from the pole of a concave mirror is equal to its radius of curvature . The image 
must be : 
(A) real (B)inverted . (C) same sized (D) erect 
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A straight line joining the object point and image point is always perpendicular to the mirror 
(A) if mirror is plane only (B) if mirror is concave only 
(C) if mirror is convex only (D) irrespective of the type of mirror. 


A concave mirror forms a real image three times larger than the object on a screen. Object and 
screen are moved until the image becomes twice the size of object. If the shift of object is 6 ст. The 
shift of the screen & focal length of mirror are 

(A) 36 cm, 36cm (B) 36cm, 16cm (C) 72cm, 36cm (D) none of these 


A point source of light is 60 cm from a screen and is kept at the focus of a concave mirror which reflects 
light onthe screen. The focal length ofthe mirroris 20 cm. The ratio of average intensities of the illumination 
on the screen when the mirror is present and when the mirror is removed is : 

(A) 36:1 (B) 37: 1 (C) 49: 1 (D) 10:1 


The distance of a real object from the focus of a convex mirror of radius of curvature 'а' is 'b'. Then the 
distance of the image from the focus is 


e a 
(A) 2- (В) “2 (С) = (D) none of these 


Choose the correct statement(s) related to the motion of object and its image in the case of mirrors 

(A) Object and its image always move along normal w.r.t. mirror in opposite directions 

(B) Only in the case of convex mirror, it may happen that the object and its image move in the same 
direction 

(C) Only in the case of concave mirror, it may happen that the object and its image move in the same 
direction 

(D) Only incase of plane mirrors, object and its image move in opposite directions 


A point source of light is placed at a distance h below the surface of a large deep lake. What is the 
percentage of light energy that escapes directly from the water surface is и ofthe water = 4/3? (neglect 
partial reflection) 

(A) 50% (B) 2596 (C) 20% (D) 1795 


Thex-z plane separates two media A and B with refractive indices ну and p, respectively. A ray of light 
travels from A to B. Its directions i in the two media are given by the unit vectors, т, =ai+bj 6 


dye i+ В ј respectively where | & 1 are unit vectors in the x and y directions. Then 


(A) ща= ра (B) що= на (C) ub = р,В (D) 1,8 = ib 
А ray R, is incident on the plane surface of the glass slab (kept in air) of refractive 
index ./2 at angle of incident equal to the critical angle for this air glass system. 
The refracted ray R, undergoes partial reflection & refraction at the other surface. 
The angle between reflected ray R, and the 

refracted гау R, at that surface is : | 
(A) 45° (B) 135° RIN 
(C) 105° (D) 75° 





A ray of light from a denser medium strike a rarer medium. The angle of reflection is r and that of 
refraction is г. The reflected and refracted rays make an angle of 90° with each other. The critical angle 
willbe: 

(A) sin (tan г) (B) tan ‘(sin г) 

(C) sin” (tan г) (D) tar (sin г) 

A tiny air bubble in a glass slab (u = 1.5) appears from one side to be 6 cm from the glass surface and 


from other side, 4 cm. The thickness of the glass slab is 
(A) 10 cm (B) 6.67 cm (C) 15 cm (D) one of these 
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5 X 
In the figure shown the angle made by the light ray with the normal in the Pid Diac ve йиш 
medium of refractive index 1 is: 


n=l 


(A) 30° (B) 60° FE 

(C) 90° (D) None ofthese ae 

A plane glass slab is placed over various coloured letters. The letter which appears to be raised the least is 
(A) red (B) yellow (C) violet (D) green | 

Bottom face of the glass cube is silvered as shown. A ray of Xd 


light incident on top face ofthe cube as shown. Find the deviation 
ofthe ray when it comes out ofthe glass cube : 

(A) 0 (B) 90° 

(C) 180° \ (D) 270° 





А гау of light is incident upon ап air/water interface (it passes from air into water) at an angle of 45°. 
Which of the following quantities change as the light enters the water? 


(Т) wavelength (ID) frequency 

(Ш) speed of propagation . (IV) direction of propagation 

(A) I, III only (B) III, IV only (C) I, Ц, IV only (D) L Ш, IV only 

The figure shows the path ofa ray of light as it passes through three \ on 
different materials with refractive indices п, п, and n4. The figure is ҚУ, 
drawn to scale. Тһе refractive indices of the material satisfy relation А 

(А) п, «n. «n, (В) п, <n, <n, п; 
(C) n, X n, <n, (D)n; «n, «n, 


The critical angle for glass to air refraction is least for which colour ? 
(A) orange (B) blue (C) violet (D) red 


A longrectangular slab of transparent medium is placed ona horizontal table with its length parallel to the x-axis 
and width parallel to the y-axis as shown in the figure. A ray of light travelling іп air makes a normal incidence 


on the slab. The refractive index и of the medium varies as а 3 ) , where u, and r (>d) are constants. 
Y 





| - ix/r 
(A) The incident ray travels in parabolically inside the slab. 
(B) The incident ray travels in hyperbolic path inside the slab. 
(C) The incident ray travels in circular path inside the slab. 
(D) The incident ray travels in elliptical path inside the slab. 





A ray of light travels from an optical denser medium to rarer medium. The critical angle for the two media 
is C. The maximum possible deviation ofthe refracted light ray can be : 


(A) n- C (B)2C (C) x - 2C ме 


A microscope is focused on a point object and then its objective is raised through а height of 2cm. Ifa 
glass slab of refractive index 1.5 is placed over this point object such that it is focused again, the thickness 
of the glass slab is : 

(A) бст (B)3 cm (C)2 cm (D) 1.5 cm 

À paraxial beam of light is converging towards a point P on the screen. A plane parallel sheet of glass of 
thickness t and refractive index џ is introduced in the path of beam. The convergence point is shifted Бу: 
(А) (1 – 1/р) амау (B)t(1*l/)away (C)t(1-l/g)neare (D)t(1- 1/4) nearer 

A bird is flying 3 m above the surface of water. If the bird is diving vertically down with speed = 6 m/s, 
his apparent velocity as seen by a stationary fish underwater is : 

(A) 8 m/s (B) 6 m/s (C) 12 m/s (D) 4 m/s 
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A flat glass slab of thickness 6 cm and index 1.5 is placed in front of a plane mirror. An observer is 
standing behind the glass slab and looking at the mirror. The actual distance of the observer from the 
mirror is 50 cm. The distance of his image from himself, as seen by the observer is : 
(А) 94 ст (В) 96 ст (C) 98 cm (D) 100 cm 

sini . 
In the figure shown PE. equal to : 

5 
pese № x ЈН, Ro 
(À) Bodl (B) |, (©) 2 
A ray of light moving along the unit vector (— i— 2j) undergoes refraction at an interface of two media, 





which is the x-z plane, The refractive index for y > 0 is 2 while for y < 0, itis ,/5/2. The unit vector along 
which the refracted ray moves 15 : 


(-31-5)) (-4i-3j) (-3i-4j) 
Ae Bint Ons 
An object is placed 20 cm in front ofa 4 cm thick plane mirror. The image of the object finally is formed 
at 45 cm from the object itself . The refractive index of the material of the unpolished side of the mirror 


is (considering near normal incidence) 
(A) 1.5 (B) 1.6 (C) 1.4 (D) none of these 


A ray of light is incident on a parallel slab of thickness t and refractive index n. If the angle of 
incidence Ө is small than the displacement іп the incident and emergent ray will be : 


US 9-0 t 


Юп 
(В) — (©) == (D) попе 

n n-1 
A ray oflight is incident at an angle of 75? into a medium having refractive index р. The reflected and 
the refracted rays are found to suffer equal deviations in opposite direction р equals 

УЗ +1 Уз +1 2/2 
А 

(А) 4-3 (B) (C) SLT (D) None ofthese 
А small source of light is 4m below the surface of a liquid of refractive index 5/3. In order to cut offall the 
light coming out of liquid surface, minimum diameter of the disc placed on the surface of liquid is : 
(A)3m (B)4m (C)6m . (D)o s 


ш \ № [ur 


(D) None ofthese 














From the figure shown establish a relation between, Ш, Ho, Bs. 
(АЗ <“ (В) <; Hy = Hy 
(С) >; = (D) None of these 
The critical angle of light going from medium А to medium B is Ө . The speed of light in medium A is 
у. The speed of light in medium В is : 


(A) sinO 


A cubical block of glass of refractive index n, is in contact with the surface of 
water of refractive index n,. Abeam of light is incident on vertical face of the 
block (see figure). After refraction, a total internal reflection at the base and 
refraction at the opposite vertical face, the ray emerges out at an angle 6. The 
value of is given by : 


(A) sin < (5,2-1,2 (В) ‘ап < Jn? -n3 


1 
(C) sin = (D) tan 0 < === 
yn -п; уп -n; 


V 





(B) v sinO (C) v cot0 (D) v tan8 
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Q.66 


Q.67 


Q.68 


Q.69 


Q.72 


Q.73 


The flat bottom of cylinder tank is silvered and water (u = 4/3) is filled in the tank upto a height h. A small 
bird is hovering at a height 3h from the bottom of the tank. When a small hole is opened near the bottom 
of the tank, the water level falls at the rate of 1 cm/s. The bird will perceive that his image's velocity is : 
(A) 0.5 cm/s upward i x (B) 1 cm/s downwards 

(C) 0.5 cm/s downwards (D) none of these 


A vertical pencil of rays comes from bottom of a tank filled with a liquid. When it is accelerated with an 
acceleration of 7.5 m/s?, the ray is seen to be totally reflected by liquid surface. What is minimum 
possible refractive index of liquid? 

(A) slightly greater than 4/3 ; (В) slightly greater than 5/3 

(C) slightly greater than 1.5 > (D) slightly greater than 1.75 


Look at the ray diagram shown, what will be the focal a и 
length of the 1* and the 274 lens, if the incident light ray id Г 
passes without any deviation? 
(A) -5cm and -10cm 

(B) *5cmand * 10cm 

(C) -5cm and +5ст 

(D) +5cm and +5ст 


A parallel sided block of glass of refractive index 1.5 which 15 36 mm thick rests on the 
floor ofa tank which is filled with water (refractive index 4/3). The difference between 
apparent depth of floor at A & B when seen from vertically above is equal to ES 
(A)2 mm (B)3 mm (C) 4 mm (D) none of these = 


A ray of light is incident оп one face of a transparent slab of thickness 15 cm. The angle of incidence is 





.emergent 





TA 





60°. If the lateral displacement of the ray on emerging from the parallel plane is 5 y3 cm, the refractive 
index of the material of the slab is 

(A) 1.414 (B) 1.532 (C) 1.732 (D) none 

A beam of light has a small wavelength spread 5A about a central wavelength X. The beam travels in 


vaccum until it enters a glass plate at an angle Ө relative to the normal to the plate, as shownin figure. The 
index of refraction of the glass is given by п(Х). The angular spread 80' of the refracted beam is given by 














1 dn(A) | 
б0'= — 54, 5Ө-| 22 5 | 
(А) т (В) dh | өс 
tan! dn(A) | ; біп Ө б), 
б0'= an . карс се 
(C) n d | D) ° тө), 








When a pin is moved along the principal axis of a small concave mirror, the А 
image position coincides with the object at a point 0.5 m from the mirror, refer 


figure. Ifthe mirror is placed at a depth of 0.2 m in a transparent liquid, the same | T 
phenomenon occurs when the pin is placed 0.4 m from the mirror. The refractive amdemsd 
index ofthe liquid is do [02m 


(A) 6/5 (B)5/4 . . (C) 4/3 (D)3/2 


A light ray is incident on a transparent sphere ofindex = ,/2, at an angle of incidence = 45°. What is the 
deviation ofa tiny fraction ofthe ray, which enters the sphere, undergoes two internal reflections, and 
then refracts out into air ? 

(A) 270* (B) 240* (C) 120? (D) 180° 
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0.74 Two identical thin isosceles prisms of refracting angle ‘A’ and refractive index p are placed with their 
bases touching each other. Two parallel rays of light are incident on this system as shown. The distance 
of the point where the rays converge from the prism is : 


h h 
(A) ТЕА. (В) E 

h uh | 
(©) нА ©) -DA i 


0.75 Arayofsunlight enters a spherical water droplet (п = 4/3) at an angle of incidence 53? measured with 
respect to the normal to the surface. It is reflected from the back surface of the droplet and re-enters into 
air. The angle between the incoming and outgoing ray is [Take sin 53°= 0.8] 











(A) 15° (B) 34° (C) 138° (D) 30° 

0.76 A concave spherical surface of radius of curvature 10cm separates two medium 
x & y of refractive index 4/3 & 3/2 respectively. If the object is placed along x у 
principal axis in medium X then 

Я (A) image is always real 


(B) image is real if the object distance is greater than 90cm 
(C) image is always virtual 
(D) image is virtual if the object distance is less than 90cm 


Q.77 The correct conclusion that can be drawn from these figures is 
үл 


€ " My Ры m 


Hi Hy 


(a) (b) 
(А) p)<pbutu<p, (B) >ubutu<uų, (C)u-ubutucp, (D) yp, =pbuty<y 
Q.78 A fishis near the centre ofa spherical water filled (џи = 4/3) fish bowl. A child stands in air at a distance 
С _ 2R (Ris the radius of curvature of the sphere) from the centre of the bowl. At what distance from the 
centre would the child nose appear to the fish situated at the centre : 
(A) 4R `` (B)2R (C)3R (D) 4R 


Q.79 Aspherical surface of radius of curvature R separates air (refractive index 1.0) from glass (refractive 
index 1.5). The centre of curvature is in the glass. A point object P placed in air is found to have a real 
с ` image О in the glass. The lime PQ cuts the surface at the point О, and PO = OQ. The distance PO is 
equal to : 
(A) SR (B)3R (C)2R (D)15R 
Q.80 Aspherical surface of radius of curvature 10 cm separates two media X and Y of refractive indices 3/2 
and 4/3 respectively. Centre of the spherical surface lies in denser medium. An object is placed in 
c medium X. For image to be real, the object distance must be 
(A) greater than 90 cm (B) less than 90 cm. 
(C) greater than 80 cm (D) less than 80 cm. 


0.81 Abeam of diameter ‘d’ is incident ona glass hemisphere as shown. If the radius 
c ofcurvature ofthe hemisphere is very large in comparison to d, then the diameter | d | 
ofthe beam at the base ofthe hemisphere will be: d 





3 d 2 
(A) 4 d (B)d (С) 3 (D) = d 
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Q.82 


Q.85 


0.91 


А concave spherical refracting surface separates two media glass and air (Шаа 7 1.5). If the image is to 
be real at what minimum distance u should the object be placed in glass if R is the radius of curvature? 


(A)u>3R (B)u>2R (C)u<2R (D)u<R 


A glass sphere of index 1.5 and radius 40 cm has half its hemispherical 
surface silvered. The point where a parallel beam of light, coming along 
a diameter, will focus (or appear to) after coming out of sphere, will be: 
(A) 10 ст to the left of centre (В) 30 cm to the left of centre 
(C) 50 cm to the left of centre (D) 60 cm to the left of centre 


An opaque sphere of radius a is just immérsed in a transparent liquid as shown in 
figure. A point source is placed on the vertical diameter of the sphere at a distance 
a/2 from the top of the sphere. One ray originating from the point source after 
refraction from the air liquid interface forms tangent to the sphere. The angle of 
refraction for that particular ray is 30°. Thé refractive index of the liquid is 








2 3 | 4 ТТ. 
(А) 5 (B) 75 (C) 75 (D 77 
A paraxial beam is incident on a glass (п = 1.5) hemisphere of radius В = 6 cm 
in air as shown. The distance of point of convergence Е from the plane surface —. 
of hemisphere is Xe 
(A) 12 ст (B) 5.4ст яа 
(С) 18 cm (D)8 cm 
Question No. 86 to 89(4 questions) б, 
The figure, shows a transparent sphere of radius R and refractive index и. An Ах г 
object О is placed at a distance x from the pole of the first surface so О I 
that a real image is formed at the pole of the exactly opposite surface. ——— 
Ifx = 2R, then the value ofu is а 
(A) 1.5 (B) 2 f (C) 3 (D) none of these 
If x = ©, then the value of pis 
(A) 1.5 (В)2 | (C) 3 (D) none of these 


If an object is placed at a distance R from the pole of first surface, then the real image is formed at a 
distance R from the pole of the second surface. The refractive index u of the sphere is given by 


(A) 1.5 (B)2 (С) /2 (D) none of these 


In previous problem, if the refractive index of the sphere is varied, then the position x of the object and 
its image from the respective poles will also vary. Identify the correct statement. 

(A) If the value of u increases the value of x decreases 

(В) If the value of u becomes equal to unity, then x tends to infinity 
(C) The value of u must not be less than 1 

(D) All the above 


A point object O moves from the principal axis of a converging lens 
in a direction OP. I is the image of O, will move initially in the direction 





(A) IQ (B) IR 

(C) IS (D) IU ^ 
A thin symmetric double - convex lens of power P is cut into $ 
three parts A, B and C as shown. The power of 

(A)AisP (B)Ais2P B С 
(C) BisP (D) B is P/4 
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Q.95 


0.96 


0.97 


0.98 


0.102 


€^ 


ux 


А lens behaves as a converging lens in air but a diverging lens in water, then the refractive шдех(и) 
of its material is 
(A) p> 4/3 (В) u > 3/2 (C) u < 4/3 (D) и < 3/2 


The curvature radii of a concavo-convex glass lens are 20 cm and 60 cm. The convex surface of the lens 
is silvered. With the lens horizontal, the concave surface is filled with water. The focal length of the 
effective mirror is (и of glass = 1.5, of water = 4/3) 

(A) 90/13 cm (B) 80/13 cm (C) 20/3 cm (D) 45/8 cm 


A parallel beam of white light falls on a convex lens. Images of blue, red and green light are formed on 
other side of the lens at distances x, y and z respectively from the pole of the lens. Then : 
(A)x>y>z (B)x>z>y (C)y>z>x (D) None 


Abi-concave glass lens having refractive index 1.5 has both surfaces of same radius of curvature R. On 
immersion in a medium of refractive index 1.75, it will behave as a 

(A) convergent lens of focal length 3.5 К 

(B) convergent lens of focal length 3.0 R 

(C) divergent lens of focal length 3.5 R 

(D) divergent lens of focal length 3.0 R 


The power (in diopters) of an equiconvex lens with radii of curvature of 10 cm and refractive index 
of 1.615: 
(A) -12 (B) +12 (C) +1.2 (D) -12 


The focal length ofa lens is greatest for which colour? 
(A) violet (B) red (C) yellow (D) green 


A converging lens forms an image of an object on a screen. The image is real and twice the size of the 
object. If the positions ofthe screen and the object are interchanged, leaving the lens in the original 
position, the new image size on the screen is 

(A) twice the object size 

(B) same asthe object size 

(C) halfthe object size 

(D) can't say as it depends on the focal length of the lens. 


An object is placed in front ofa symmetrical convex lens with refractive index 1.5 and radius of curvature 
40 cm. The surface of the lens further away from the object is silvered, Under auto-collimation condition, 
the object distance is 

(A) 20 cm (B) 10cm (C) 40 cm (D) 5 ст 


When the object is at distances u, and u, the images formed by the same lens are real and virtual 
respectively and ofthe same size. Then focal length ofthe lens is : 


(A) = uus (B) zs +12) (С) (шш; (D) 2 (а, +и,) 


А planoconvex lens, when silvered at its plane surface is equivalent to a concave mirror of focal length 
28cm. When its curved surface is silvered and the plane surface not silvered, it is equivalent to a concave 
mirror of focal length 10cm, then the refractive index of the material of the lens is : 

(A) 9/14 (B) 14/9 (C) 17/9 (D) none 

The height of the image formed by a converging lens on a screen is 8cm. For the same position of the 
object and screen again an image of size 12.5cm is formed on the screen by shifting the lens. The height 
of the object : 

(A) 625/32ст (B) 64/12.5cm (C) 10cm (D) none 
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Q.103 Parallel beam of light is incident оп a system of two convex lenses of focal 
lengths f, = 20 cm and f. = 10 cm. What should be the distance between the 
two lenses so that rays after refraction from both the lenses pass undeviated : 
А (А) 60 ст (В) 30 ст \ V 
(C) 90 cm | (D) 40 cm к ý 


Q.104 A bi-concave symmetric lens made of glass has refractive index 1.5. It has both surfaces of same radius 
-  ofcurvature К. On immersion in a liquid of refractive index 1.25, it will behave as a 
e (A) Converging lens of focal length 2.5 В. (B) Converging lens of focal length 2.0 R 
(C) Diverging lens of focal length 4.5 В. (D) None of these 


Q.105 A lateral object of height 0.5 cmis placed on the optical axis of bi-convex lens of focal length 80 cm, at 
„_  anobject distance = 60 cm. The image formed is : 
С. (A) virtual, erect and 4 cm high (B) virtual, inverted and 2 cm high 
(C) virtual, erect and 2 cm high 4 (D) real, inverted and 2 cm high. 


Q.106 Aconverging lens of focal length 20 cm and diameter 5 cm is cut along the 
line AB. The part of the lens shown shaded in the diagram is now used to 


C form an image of a point P placed 30 cm away from it on the line XY. 2 ст р | em 
Which is perpendicular to the plane of the lens. The image of P willbe 5 " —- - 


formed. st 
(A) 0.5 cm above XY | (В) 1 cm below XY 
(C) on XY (D) 1.5 cm below XY 


Q.107 A object is placed at a distance of 15 cm from a convex lens of focal 

length 10 cm. On the other side of the lens, a convex mirror is placed at 
Ф. its focus such that the image formed by the combination coincides with ow si aa se Е 

the object itself. The focal length of the convex mirror is А EY $ 
(А) 20 ст (B) 10 cm (С) 15 ст (D) 30 cm V 

0.108 A thin lens of focal length fand its aperture has a diameter d. It forms an image of intensity I. Now the 
central part ofthe aperture upto diameter (d/2) is blocked by an opaque paper. The focal length and 
image intensity would change to 
(A) £2, 1/2 (B) £ 1/4 (С) 3£/4, 1/2 (б) f, 31/4 


Q.109 Two planoconvex lenses each of focal length 10 cm & refractive index 3/2 are 
placed as shown. In the space left, water (R.I = 4/3) is filled. The whole 
arrangement is in air. The optical power of the system is (in diopters) : 

C (A) 6.67 (В) -6.67 
(C) 33.3 | (D) 20 


0.110 А concave mirror is placed on a horizontal surface and two thin uniform layers of different transparent 
liquids (which do not mix or interact) are formed on the reflecting surface. The refractive indices of the 
upper and lower liquids are u, and u, respectively. The bright point source at a height ‘d’ 
(dis very large in comparison to the thickness of the film) above the mirror coincides with its own final 
image. The radius of curvature of the reflecting surface therefore is 


ц, d 
(A) ШЕ (В) щш. (C) ща (D) md 









Q.111 An objectis moving towards a converging lens on its axis. The image is also found to be moving towards 
the lens. Then, the object distance ‘u’ must satify 
(A) 2f<u<4f (B) f<u<2f (C)u>4f (D)u<f 
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Q.112 An object is placed in front ofa thin convex lens of focal length 30 cm and a plane mirror is placed 15 cm 
= behind the lens. If the final image of the object coincides with the object, the distance of the object from 


" Уб the lens is 
TE S 60 cm (В) 30 ст (С) 15cm (D) 25 cm 
Q.113 Two point sources P and Q are 24 cm apart. Where should a convex lens of focal length 9.cm be placed 
f in between them so that the images of both sources are formed at the same place? 
(A) 3 cm from P (B) 15 cm from Q (C) 9 cm from Q (D) 18 cm from P 


Q.114 If aconcave lens is placed in path of converging rays real image will be produced if the distance of the 
pole from the point of convergence of incident rays lies between (f= magnitude of focal length of lens) 
oy (A) 0 andf (B) fand 2f 
(С) 2fand infinity (D) fand infinity 


Q.115 A point object is kept at the first focus of a convex lens. If the lens starts moving towards right with a 
constant velocity, the image will 
(A) always move towards right 






object 


{ (B) always move towards left 
(C) first move towards right & then towards left. 
faus (D) first move towards left & then towards right. 


Q.116 The diagram shows a silvered equiconvex lens. An object of length 1 cm has 
been placed in the front of the lens. What will be the final image properties? The 
|. refractive index of the lens is и and the refractive index of the medium in which 
© the lens has been placed is 2u. Both the surface have the radius К. 
OMIM (A) Half size, erect and virtual (B) same size, erect and real 
cu. 4 (С) same size, erect and virtual (D) none 





Q. 1 7 Inthe diagram shown, the lens is moving towards the object with a velocity 
V m/s and the object is also moving towards the lens with the same speed. 
| What speed of the image with respect to earth when the object is ata distance --> 
©  2f from the lens? (fis the focal length.) Object 
(A) 2V (B)4V (СЗУ. (Ы) V 
Q.118 You are given two lenses, a converging lens with focal length +10 cm and a diverging lens with focal 
length — 20 cm. Which of the following would produce a virtual image that is larger than the object? 
(A) Placing the object 5ст from the converging lens. 
(B) Placing the object 15cm from the converging lens. 
(C) Placing the object 25cm from the converging lens. 
(D) Placing the object 15cm from the diverging lens. 
Q.119 A screen is placed 90 cm from a object. The image of an object on the screen is formed by a convex lens 


б at two different locations separated by 20 ст. The focal length of the lens is 
(A) 18cm (B) 21.4 cm (C) 60 cm (D) 85.6 cm 


Q.120 Inthe above problem, if the size of the image formed at the positions are 6 cm and 3 cm, then the 
с. highest of the object is 


E (A) 4.2 ст (В) 4.5 ст (С) 5 ст (D) none of these 
Q.121 Ifan object is placed at A(OA>f); Where fis the focal length of А 
the lens the image is found to be formed at B. A perpendicular is Lf қ” 
$, erected at o and C is chosen on it such that the angle /ВСА is / [| \ = 
aright angle. Then the value off will be в 194 А 
(A) AB/OC2 (В) (АСХВСУОС V 
(C) ОС/АВ (D) (ОС)(АВ)/АС+ВС 
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0.122 


0.129 


0.130 


0.131 


One of the refractive surfaces of a prism of angle 30° is silvered. A ray of light incident at an angle of 60° 
retraces it path. The refractive index of the material of prism is : 


(А) /2 (B) 43 (C) 3/2 (D)2 


Onan equilateral prism, it is observed that a ray strikes grazingly at one face and if refractive index ofthe 
prism is 2 then the angle of deviation is 
(A) 60* (B) 120* (C) 30° (D) 90* 


A parallel beam of light is incident on the upper part of a prism of angle 1.8? and 
R.I. 3/2. The light coming out ofthe prism falls on a concave mirror of radius of 
curvature 20 cm. The distance ofthe point (where the rays are focused after 
reflection from the mirror) from the principal axis is : 


ROC = 20 em 





(A) 9 cm (B) 0.157 cm 

(C) 0.314 cm (D) None of these 

The refractive index ofa prism 15, COt— where A= angle of prism. The angle of minimum deviations (in 
degrees) 

(А)2А (В)90-А (С) 180-2А (б) 0 


А гау of light strikes а plane mirror at an angle of incidence 45° as shown 
in the figure. After reflection, the ray passes through a prism of refractive 
index 1.5, whose apex angle is 4°. The angle through which the mirror 
should be rotated if the total deviation of the ray is to be 90° is : 

(A) 1° clockwise (B) 1° anticlockwise 
(C) 2° clockwise (D) 2° anticlockwise 





The refracting angle of prism is 60° and the index of refraction is 1/2 relative to surrounding. The limiting 
angle of incidence of a ray that the will be transmitted through the prism is : 
(A) 30° (B) 45° (C) 15° (D) 50° 


One face of a prism with a refracting angle of 30° is coated with silver. А гау incident on other face at an 
angle of 45° is refracted and reflected from the silvered coated face and retraces its path. The refractive 
index of the prism is : j | 


(A)2 в)3 еер Ор) (D) J2 

Anequilateral prism deviates a ray through 40? for two angles of incidence differing by 20?. The possible 
angles ofincidences are : 

(A) 40°, 60° (B) 50°, 30° (С) 45°, 55° (D) 30°, 60° 

A beam of monochromatic light is incident at 1=50° on one face of an equilateral prism, the angle of 
emergence is 40°, then the angle of minimum deviation is : 

(A) 30° (B) < 30° (C) < 30° (D) > 30° 

The dispersive powers of two lenses аге 0.01 and 0.02. If focal length of one lens is + 10 cm, then what 


should the focal length of the second lens, so that they form an achromatic combination? 
(A) Diverging lens having focallength 20 cm. (В) Converging lens having focal length 20 cm 
(C) Diverging lens having focal length 10 cm. (D) Converging lens having focal length 10 cm 
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Q.132 A thin prism of angle 5° is placed at a distance of 10 cm from object. What is the distance of the image 
from object? (Given р of prism = 1.5) i 


57 ру = 
zg ™ (D) = cm 





T T 
(A) 8 cm (B) — cm (C) 


3 қ t. аж А 
0.133 Aprismhasarefiactive index | 5 and refracting angle 90°. Find the minimum deviation produced by prism. 
(A) 40° (B) 45? (C) 30° (D) 49° 


Q.134 Twolensesin contact made of materials with dispersive powersin the ratio 2 : 1, behaves as an achromatic 
lens of focal length 10 cm. The individual focal lengths of the lenses are: 
(A) 5 cm, -10 cm (В)- 5 cm, 10cm (C)10cm,-20cm  (D)-20cm, 10cm 


Q.135 R.I. ofa prism 15 E and the angle of prism is 60° . The limiting angle of incidence of a ray that will be 
3 


| tansmitted through the prism is : 
(A) 30° (B) 45° (C) 15° (D) 50° 


Q.136 A ray of light strikes a plane mirror at an angle of incidence 45° as shown in the 
figure. After reflection, the ray passes through a prism of refractive index 
1.50, whose apex angle is 4°. The angle through which the mirror should be 
rotated ifthe total deviation ofthe ray is to be 90? is 
(A) I? clockwise (B) 1° anticlockwise 
(C) 2° clockwise (D) 2° anticlockwise 





Q.137 For a prism of apex angle 45°, it is found that the angle of emergence is 45? for grazing incidence. 
Calculate the refractive index of the prism. 
(А) Q)'? (В) 3)? (C)2 (D) (5)? 


Q.138 A ray incident at an angle 53? on a prism emerges at an angle at 37° as shown. If the 
angle of incidence is made 50°, which of the following is a possible value of the angle 
of emergence. 

(А) 359 (В) 429 (С) 40% (D) 38° 





Q.139 The diagram shows five isosceles right angled prisms. A light ray incident 
at 90° at the first face emerges at same angle with the normal from the 


last face. Which of the following relations will hold regarding the refractive /7- m 7 \ m 4 N 
indices? Сна 06, E 


(A) wp +p? +12 =p? a? (B) и? +u? +p? ze? +2 


(C) н? +p? +p? = 2+2 +p? (D) none 


Q.140 A beam oflight consisting ofred, green and blue and is incident on a right angled prism. The refractive 
index ofthe material of the prism for the above red, green and blue wavelengths are 1.39, 1.44 and 1.47 
respectively. The prism will : 

(A) separate part of the red color from the green and blue colors. 

(B) separate part of the blue color from the red and green colours. = 
(C) separate all the three colors from the other two colors. 

(D) not separate even partially any color from the other two colors. 
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Q.141 Acertain prism is found to produce a minimum deviation of 38°. It produces a deviation of 44° when the 
angle of incidence is either 42° or 62°. What is the angle of incidencewhen it is undergoing minimum 
deviation? 

(A) 45° (B) 49° (C) 40° (D) 55° 


Q.142 It is desired to make an achromatic combination of two lenses (L, & L,) made of materials having 
dispersive powers œ, and œ, (<a, ). Ifthe combination of lenses is converging then 
(A) L, is converging (B) L, is converging 
(C) Ра. of L, is greater than the power ofL, (D) None of these 


0.143 Aray oflight is incident normally on the first refracting face of the prism of refracting angle А. The ray of 
light comes out at grazing emergence. If one half of the prism (shaded position) is knocked off, the same 
ray will 


ж 
(А) emerge at an angle of emergence sin”! ү; sec А /2 | 


(B) not emerge ош of the prism 





1 
(С) emerge at ап angle of emergence sin! fa sec A / a) 


(D) None ofthese 
Q.144 An achromatic convergent doublet of two lens in contact has a power of + 2 D. The convex lens is 


power + 5 D. What is the ratio of the dispersive powers of the convergent and divergent lenses? 
(A)2:5 (B)3:5 (С) 5:2 (D) 5:3 


Q.145 Light ray is incident on a prism of angle A= 60? and refractive index и = 4/2 . The angle of incidence at 
which the emergent ray grazes the surface is given by 


EN af 1-3 гі 2) 
(д) зі ; | (В) sin S (С) sn >| (D) wl | 


Q.146 Two incident monochromatic waves whose wavelengths differ by a small amount dÀ are separated 
angularly at Ө and Ө + 40. The dispersive power is given by 





(А) 49/4), (В) d0/0 (C) dÀ/X (D) A(dA/d0) 
Q.147 А гау oflight is incident normally on a prism of refractive index 1.5, as 
shown. The prism is immersed in a liquid of refractive index 'u'. The A 
JL largest value ofthe angle ACB, so that the ray is totally reflected at the 
face AC, is 30°. Then the value of u must be : E 
3 5 4 
өй ei © 0 c 
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ONE OR MORE THAN ONE OPTION MAY BE CORRECT. 


Take approx. 3 minutes for answering each question. 


0.1 


0.2 


0.3 


0.4 


0.5 


0.6 


А man of height 170 cm wants to see his complete image in a plane mirror (while standing). His eyes аге 
at a height of 160 cm from the ground. 

(A) Minimum length of the mirror = 80 cm 

(B) Minimum length of the mirror = 85 cm. 

(C) Bottom of the mirror should be at a height 80 cm. 

(D) Bottom of the mirror should be at a height 85 cm. 


Two plane mirrors at an angle such that a ray incident on a mirror undergoes a total deviation of 240° 

after two reflections. 

(A) the angle between the mirror is 60° 

(В) the number of images formed by this system will be 5, if an object is placed symmetrically between 
the mirrors. 

(C) the no. of images will be 5 if an object is kept unsymmetrically between the mirrors. 

(D) aray will retrace its path after 2 successive reflections, if the angle of incidence on one mirror is 60°. 


A flat mirror M is arranged parallel to a wall W at a distance /fromit. The light = 

produced by a point source $ kept on the wall is reflected by the mirror and produces 

alight spot on the wall. The mirror moves with velocity v towards the wall. | | 

(A) The spot of light will move with the speed у on the wall. zn M 

(B) The spot of light wiil not move on the wall. 

(C) As the mirror comes closer the spot of light will become larger and shift away from the wall with 
speed larger then v. 

(D) The size of the light spot on the wall remains the same. 


Wall 





A concave mirror cannot form 
(A) virtual image of virtual object (B) virtual image of a real object 
(C) real image ofa real object (D) real image of a virtual object. 


In the figure shown consider the first reflection at the plane mirror 
and second at the convex mirror. AB is object. 

(A) the second image is real , inverted of 1/5 ^ magnification 
(B) the second image is virtual and erect with magnification 1/5 
(C) the second image moves towards the convex mirror 

(D) the second image moves away from the convex mirror. 





А ray of light is incident normally on one face of 30° — 60° — 90° prism 
of refractive index 5/3 immersed in water of refractive index 4/3 as 
shown in figure. 

(A) The exit angle Ө, of the ray is sin ! (5/8) 


(В) The exit angle Ө, of the ray is sin!(5/4./3 ) 





(C) Total internal reflection at point P ceases if the refractive index of water is increased to 5/2/3 by 
dissolving some substance. 

(D) Total internal reflection at point P ceases if the refractive index of water is increased to 5/6 by 
dissolving some substance. 
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0.7 


0.8 


0.9 


0.10 


ол 


А гау oflight in a liquid of refractive index 1.4, approaches the boundary surface between the liquid and 
air at an angle of incidence whose sine is 0.8. Which of the following statements is correct about the 
behaviour of the light 

(A) It isimpossible to predict the behavior of the light ray on the basis of the information supplied. 

(B) The sine of the angle of refraction of the emergent ray will less than 0.8. 

(C) The ray will be internally reflected 

(D) The sine of the angle of refraction of the emergent ray will be greater than 0.8. 


The figure shows a ray incident at an angle i = 7/3. If the plot drawn shown the variation of| r—i| versus 
ш 


5. =: k, (r = angle of refraction) 








(A) the value of k, is B (В) the value of 8, = 1/6 


(C) the value of, = 7/3 (D) the value ofk, is 1 


In the diagram shown, a ray of light is incident on the interface between 1 and 2 at 
angle slightly greater than critical angle. The light suffers total internal reflection at 
this interface. After that the light ray falls at the interface of 1 and 3, and again it 
suffers total intemal reflection. Which of the following relations should hold true? 


(A) i < W € l4 (B) uj -H$» H3 





(C) Bj -83> H (D) uj *u5 > id 


Inthe figure shown a point object O is placed in air on the principal axis. The 
radius of curvature of the spherical surface is 60 cm. I,is the final image formed 
after all the refractions and reflections. 

(A) If d, = 120 cm, then the ‘I,’ is formed оп ‘O’ for any value оЁЧ.. 

(B) If d; = 240 cm, then the ‘I,’ is formed on ‘О’ only ifd,=360 cm. 

(C) If dj = 240 cm, then the “Тр is formed on “О? for all values of d.. 

(D) If d, = 240 cm, then the ‘I,’ cannot be formed оп ‘О. 





Two refracting media are separated by a spherical interface as shown in the figure. PP’ is the principal 
axis, ц, and pi, are the refractive indices of medium of incidence and medium of refraction respectively. 
Then: 

(А) ifu > u, then there cannot be a real image of real object. 

(B) ifu, > u, then there cannot be a real image of virtual object. 
(C) ifu, > р, then there cannot be a virtual image of virtual object. 
(D) if 1, > u, then there cannot be a real image of real object. 
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Q.12 


Q.13 


Q.14 


0.15 


0.16 


0.17 


Question No. 12 to 14(3 questions) 
A curved surface of radius R separates two medium of refractive indices и, and u, as shown in figures 
AandB 


ATA 


ш DI 
Ө Р 





а 


X R 
Fig. А Fig. B 


Choose the correct statement(s) related to the real image formed by the object O placed at a distance x, 
as shown in figure A 

(A) Real image is always formed irrespective of the position of object и, > р, 

(B) Real image is formed only when x > R 

(C) Real image is formed due to the convex nature of the interface irrespective of u, and p, 

(D) None of these 


Choose the correct statement(s) related to the virtual image formed by object O placed at a distance x, 
as shown in figure A 

(A) Virtual image is formed for any position of O и. < и, 

(B) Virtual image can be formed ifx > В and u, < и, 

(C) Virtual image is formed if x < R and u, > u, 

(D) None of these 


Identify the correct statement(s) related to the formation of images ofa real object О placed at x from 
the pole ofthe concave surface, as shown in figure B 
(A) If ui, > u, then virtual image is formed for any value of x 
ШЕ 
Bip 
(C) If, < u, then real image is formed for any value of x 
(D) none ofthese 





(В) р. < u,, then virtual image is formed ifx < 


Which ofthe following can form diminished, virtual and erect image of your face. 
(A) Converging mirror (B) Diverging mirror 
(C) Converging lens (D) Diverging lens 


A convex lens forms an image of an object ona screen. The height of the image is 9 cm. The lens is now 
displaced until an image is again obtained on the screen. The height of this image is 4 cm. The distance 
between the object and the screen is 90cm. 

(A) The distance between the two positions of the lens is 30cm. 

(B) The distance of the object from the lens in its first position is 36cm. 

(C) The height of the object is 6cm. 

(D) The focal length of the lens is 21.6 cm. 


A diminished image of an object is to be obtained on a large screen 1 m from it. This can be achieved by 
(A) using a convex mirror of focal length less than 0.25 m 

(B) using a concave mirror of focal length less than 0.25 т 

(C) using a convex lens of focal length less than 0.25 m 

(D) using a concave lens of focal length less than 0.25 m 
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Q.18 


Q.19 


Q.20 


0.21 


0.22 


0.23 


0.24 


Which of the following quantities related to a lens depend on the wavelength of the incident light ? 
(A) Refractive index (B) Focal length 
(C) Power (D) Каап of curvature 


A thin lens with focal length f to be used as a magnifying glass. Which of the following statements 
regarding the situation is true? 

(A) Aconverging lens may be used, and the object be placed at a distance greater than 2f from the lens. 
(В) A diverging lens may be used, and the object be placed between f and 2f from the lens. 

(С) А converging lens may be used, and the object be placed at a distance less than f from the lens. 
(D) Adiverging lens may be used, and the object be placed at any point other than the focal point. 


An object О is kept infront of a converging lens of focal length 30cm 30cm 
behind which there is a plane mirror at 15cm from the lens. 

(A) the final image is formed at 60cm from the lens towards right of it 
(B) the final image is at 60cm from lens towards left of it. 

(C) the final image is real. 

(D) the final image is virtual. 





The radius of curvature of the left and right surface ofthe concave lens are 10cm 
and 15cm respectively. The radius of curvature of the mirror is 15cm. 

(A) equivalent focal length of the combination is -18cm. 

(B) equivalent focal length of the combination is +36cm. 

(C) the system behaves like a concave mirror. 

(D) the system behaves like a convex mirror. 





A man wishing to get a picture ofa Zebra photographed a white donkey after fitting a glass with black 
streaks onto the objective of his camera. 

(A) the image will look like a white donkey on the photograph. 

(B) the image will look like a Zebra on the photograph. 

(C) the image will be more intense compared to the case in which no such glass is used. 

(D) the image will be less intense compared to the case in which no such glass is used. 


For refraction through a small angled prism, the angel of deviation : 
(A) increases with the increase іп R.I. of prism. 

(В) will decrease with the increase in R.I. of prism. 

(C) is directly proportional to the angle of prism. 

(D) will be 2D for a ray of R.1.=2.4 if it is D for a ray of R.I.=1.2 


For the refraction of light through a prism 

(A) For every angle of deviation there are two angles of incidence. 

(В) The light travelling inside an equilateral prism is necessarily parallel to the base when prism is set for 
minimum deviation. 

(C) There are two angles of incidence for maximum deviation. (for A< 20°C) 

(D) Angle of minimum deviation will increase if refractive index of prism is increased keeping the outside 
medium unchanged if up > их. 
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Q8 C 09 
0.15 C 016 
022 А 02 
029 р 030 
0.36 А 037 
0.43 А 044 
0.50 C 0.51 
0.57 B 0.58 
0.64 А 0.65 
071 С 07 
Q78 C 0.79 
0.85 D 086 
092 с 09 
0.99 А 0100 
010660 0107 
Q.113 D 014 
Q.120 А 0121 
Q.127 А 012% 
Q134A 0135 
Q.141 B 0142 
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ONLY ONE OPTION IS CORRECT 


Q3 
Q.10 
Q.17 
Q.24 
0.31 
0.38 
0.45 
0.52 
0.59 
0.66 
0.73 
0.80 
0.87 
0.94 
0.101 
0.108 
0.115 
0.122 
0.129 
0.136 
0.143 


Answer Key 
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0.4 
0.11 
0.18 
0.25 
0.32 
0.39 
0.46 
0.53 
0.60 
0.67 
0.74 
0.81 
0.88 
0.95 
Q.102 
Q.109 
Q.116 
Q.123 
Q.130 
Q.137 
0.144 
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D 


0.5 
0.12 
0.19 
0.26 
0.33 
0.40 
0.47 
0.54 
0.61 
0.68 
0.75 
0.82 
0.89 
0.96 
Q.103 
Q.110 
Q.117 
Q.124 
Q.131 
Q.138 
Q.145 
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0.6 
0.13 
0.20 
0.27 
0.34 
0.41 
0.48 
0.55 
0.62 
0.69 
0.76 
0.83 
0.90 
0.97 
0.104 
0.111 
0.118 
0.125 
0.132 
0.139 
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Q.146B 


ONE OR MORE THAN ONE OPTION MAY BE CORRECT. 


Q1 BC 
Q5 BC 
Q9 BCD 


0.3 
0.7 
Q.11 
Q.15 
Q.19 
Q.23 


BD 
C 
A,C 
BD 
e 
A,C 


Q.7 
Q.14 
0.21 
0.28 
0.35 
0.42 
0.49 
0.56 
0.63 
0.70 
0.77 
0.84 
0.91 
0.98 
0.105 
0.112 
0.119 
0.126 
0.133 
0.140 
0.147 


Ә>свосососо>ососоооо>соосоосо 





(B Bansal Classes 


Question Bank on Geometrical Optics 


[24] 


(5 BANSALCLASSES 


TARGET IIT JEE 2007 





PHYSICS 
XII (ALL) 


GEOMETRICAL OPTICS 


CONTENTS 


KEY CONCEPT 
EXERCISE-I 
EXERCISE-II 

. ЕХЕКСІЅЕ-ПІ 
ANSWER KEY 


Note: 


KEY CONCEPTS 


LAWS OF REFLECTION : 

The incident ray (AB), the reflected ray (BC) and normal (NN) to the surface (SC’) of reflection at the 
point of incidence (B) lie in the same plane. This plane is called the plane of incidence (also plane. of 
reflection). 


The angle of incidence (the angle between normal and the incident 
ray) and the angle of reflection (the angle between the reflected ray 


and the normal) are equal 
OBJECT: 


Real : Point from which rays actually diverge. 
Virtual : Point towards which rays appear to converge 





IMAGE: 
Image is decided by reflected or refracted rays only. The point image for a mirror is that point 
Towards which the rays reflected from the mirror, actually converge (real image). 
OR 
From which the reflected rays appear to diverge (virtual image) . 


CHARACTERISTICS OF REFLECTION BY A PLANE MIRROR : 

The size of the image is the same as that of the object. 

For a real object the image is virtual and for a virtual object the image is real. 

Fora fixed incident light ray, if the mirror be rotated through an angle Ө the reflected ray turns through 


an angle 20. 
SPHERICAL MIRRORS : 





Concave Convex 
PARAXIAL RAYS : Rays which forms very small angle with axis are called paraxial rays. 


SIGN CONVENTION : 

We follow cartesian co-ordinate system convention according to which 

The pole ofthe mirror is the origin . 

The direction ofthe incident rays is considered as positive x-axis. 

Vertically up is positive y-axis. 

According to above convention radius of curvature and focus of concave mirror is negative and of 
convex mirror is positive. 


MIRROR FORMULA:| = = 1+2. 

У u 
f=x-coordinate of focus : u=x-coordinate of object ; 
у = X-coordinate of image 


Valid only for paraxial rays. 


[AAA 
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10. 


11. 


Note: 


Note: 





h, =y co-ordinate of images 
(both perpendicular to the principle axis of mirror) 

NEWTON'S FORMULA : 

Applicable to a pair of real object and real image position only . They are called conjugate positions 
or foci. X, Y are the distance along the principal axis of the real object and real image respectively from 


OPTICAL POWER: Optical power ofa mirror (іп Diopters) =-- ; ; 


the principal focus . 


f= focal length (in meters) with sign . 
REFRACTION -PLANE SURFACE 


LAWS OF REFRACTION (AT ANY REFRACTING SURFACE) : 

The incident ray (AB), the normal (NN) to the refracting surface (IT) at the point of incidence (В) and 
the refracted ray (BC) all lie in the same plane called the plane of incidence or plane of refraction . 
Виц = Constant : 

біп г 


for any two given media and for light ofa given wave length. This is known as 
SNELL'S Law . 





Frequency of light does not change during refraction . 
DEVIATION OF A RAY DUE TO REFRACTION : 


| angle of 
‘Ne ! deviation 
aii õi- 





REFRACTION THROUGH APARALLELSLAB : 
Emerged ray is parallel to the incident ray, if medium is same on 
both sides. 


И tsin(i-r t 
COST 


t = thickness of slab 





Emerged ray will not be parallel to the incident ray if the medium on both the sides 
are different . 
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4. APPARENT DEPTH OF SUBMERGED OBJECT : 





<h) 


at near normal incidence 
Н, 


Note : hand h' are always measured from surface. 
5: CRITICALANGLE & TOTALINTERNAL REFLECTION ( Т. 1. В.) 
йы изн 


| | 
} H 
: | IRARER 






CONDITIONS OF T.I. R. 
(i) Ray going from denser to rarer medium 


(ii) ^ Angle ofincidence should be greater than the critical angle (i> с). 


Oa : n 
n; 


6. REFRACTION THROUGH PRISM : 





5=@+г)-@+г) 

r+r=A 

Variation of ô versus i (shown in diagram) . 

There is one and only one angle of incidence for which the angle 
ofdeviation is minimum. 

When ô=ô theni=i' & r=r ,the ray passes symetrically 
about the prism, & then 


PIOI к 








‚| where п = absolute R.I. of glass . 


Note : When the prism is dipped in a medium then 
п= КІ. of glass w.r.t. medium . 
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20 


For a thin prism (A<10°) ; 6=(п-1)А 

6. DISPERSION OF LIGHT : 
The angular spilitting ofa ray of white light into a number of components when it is refracted in a medium 
other than air is called Dispersion of Light. 

Л Angle of Dispersion : Angle between the rays of the extreme colours in the refracted (dispersed) light 
is called Angle of Dispersion . 0=6,-6,. ‚ 


8. Dispersive power (œ) of the medium of the material of prism . 


angular dispersion 
deviation of mean ray (yellow) 
For small angled prism (A <10°) 





п.п, &nare К.І. of material for violet red & yellow colours respectively . 


9. COMBINATION OF TWO PRISMS : 
(i) ACHROMATIC COMBINATION : It is used for deviation without dispersion . 
Condition for this (n, -n ) A = (n', -n' ) А’. 


or: D, + ng n, + n» 
Net mean deviation = > -1| А- -1| А’. 


p 








or 00 + o'6' = 0 where о, о” are dispersive powers for the two prisms & 5, 6” are the mean deviation. 
(и) DIRECT VISION COMBINATION: Itis used for producing disperion without deviation condition 


‚+0, n' tn, 1 
for is ^ - А | : 1 








Net angle of dispersion = (n, - n) A = (n' -n^) А’. 
REFRACTION AT SPERICAL SURFACE 





1.(a) 
у, и & Rare to be kept with sign 
as у= РІ 
u--PO 
R-PC 
(Note radius is with sign) 
ШУ 
O) jm 
2. LENS FORMULA : 





(b) 





© |ш-- 


€ Bansal Classes Geometrical Optics [3] 


EXERCISE # I 


Q.1 Two plane mirrors are inclined at angle Ө as shown in figure. If a ray ПР ЎА 
parallel to OB strikes the other mirror at P and finally emerges parallel Ў 
to OA after two reflection then find 0. So 
О777777777777777777777 B 
Q.2 Aray of light falls on a transparent sphere with centre at C as shown in 
figure. The ray emerges from the sphere parallel to line AB. Find the "o -В 
refractive index of the sphere. 


Q.3 Face AC of aright angled prism (p, = 1.5) coated witha thin film of liquid as д 078 
shown in figure. Light is allowed to fall normally on the face AB of the prism. In чу А 
order that the ray of light gets totally reflected, what can be the maximum refractive 
index of liquid? B 


0.4  Atinyairbubble inside a glass slab appears to be 6 cm deep when viewed form one side and 4 cm deep 
when viewed from the other side. Assuming Palas = 3/2. Find the thickness of slab. 


0.5 A prism of refractive index 42 hasa refracting angle of 30°. One of the refracting surfaces of the prism 
is polished. For the beam of monochromatic light to retrace its path, find the angle of incidence on the 
refracting surface. 


0.6 Аріапо-сопхех lens, when silvered on the plane side, behaves like a concave mirror of focal length 
30 cm. When it is silvered on the convex side, it behaves like a concave mirror of focal length 10 cm. 
Find the refractive index of the material of the lens. 


(07 — Alight ray is incident on a plane mirror M. The mirror is rotated in the 


әде». ; 9 
direction as shown in the figure by an arrow at frequency = геу/зес. 


The light reflected by the mirror is received on the wall W at a distance 
10 m from the axis of rotation. When the angle of incidence becomes 
37° find the speed of the spot (a point) on the wall? 


0.8 Two thin convex lenses of focal lengths f, and f, are separated by 
a horizontal distance d where (d < f , d « f,) & their centres are displaced 
by a vertical separation 6 as shown in the figure. Taking the origin of 
coordinates O, at the centre ofthe first lens, find the x & y coordinates 
ofthe focal point ofthis lens system, fora parallel beam ofrays coming 





from the left. 

Q.9  Aconcave mirror of focal length 20 cm is cut into two parts from the | 
middle and the two parts are moved perpendicularly by a distance 1 ст А--------қ о t ies -B 
from the previous principal axis AB. Find the distance betweenthe 77777777777 
images formed by the two parts? — М 


0.10 Aballoon is rising up along the axis of a concave mirror of radius of curvature 20 m. A ball is dropped 
from the balloon at a height 15 m from the mirror when the balloon has velocity 20 m/s. Find the speed 
of the image of the ball formed by concave mirror after 4 seconds? [Take : р=10 m/s?] 
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Q.13 


Q.14 


Q.15 


Q.16 


Q.17 


Q.18 


An object is kept on the principal axis of a convex mirror of focal length 10 cm at a distance of 10 cm 
from the pole. The object starts moving at a velocity 20 mm/sec towards the mirror at angle 30° with the 
principal axis. What will be the speed of its image and direction with the principal axis at that instant? 


A thin rod of length 4/3 is placed along the principal axis of a concave mirror of focal length = d such that 
its image, which is real and elongated, just touches the rod. Find the length of the image? 


A point object is placed 33 cm from a convex mirror of curvature radius = 40 cm. A glass plate of 
thickness 6 cm and index 2.0 is placed between the object and mirror, close to the mirror. Find the 
distance of final image from the object? 


A long solid cylindrical glass rod of refractive index 3/2 is immersed in a 


liquid of refractive index = . The ends of the rod are perpendicular 


to the central axis of the rod. a light enters one end of the rod at the 
central axis as shown in the figure. Find the maximum value of angle 9 
for which internal reflection occurs inside the rod? 





A ray of light moving along the unit vector (—i— 2 j) undergoes refraction at an interface of two media, 
which is the x-z plane. The refractive index for y > 0 is 2 while for y <0, itis ./5 /2 . Find the unit vector 
along which the refracted ray moves? 


A slab of glass of thickness 6 cm and index 1.5 is place somewhere in between a concave mirror and а 


point object, perpendicular to the mirror's optical axis. The radius of curvature of the mirror is 40 cm. If 
the reflected final image coincides with the object, then find the distance of the object from the mirror? 


A ray of light from a liquid (u= 4/3 ) is incident on a system of 





two right-angled prisms of refractive indices y3 and v2 as shown ii 
inthe figure. The ray of light suffers zero net deviation when it 
emerges into air from the surface CD. Find the angle ofincidence? В C 


A ray of light enters a diamond (п = 2) from air and is being internally 
reflected near the bottom as shown in the figure. Find maximum value of 
angle 6 possible? 





A parallel beam of light is incident on a transparent sphere of refractive index 'n'. If the beam finally gets 
focussed at a point situated at a distance — 2 x (radius of sphere) from the centre of the sphere, then find n? 


A uniform, horizontal beam of light is incident upon a quarter cylinder of 
radius R = 5 cm, and has a refractive index 2/ 43 . A patch on the table for 
a distance 'x' from the cylinder is unilluminated. find the value of'x'? AEE aie 9 


—> 
— 
—= 
— 





© Bansal Classes Geometrical Optics ГЛ 


0.21 


0.22 


0.23 


0.24 


0.25 


0.26 


0.27 


0.28 


0.29 


0.30 


A thin converging lens L, forms a real image of an object located far away 
from the lens as shown in the figure. The image is located at a distance 4/ 
and has height h. A diverging lens of focal length /is placed 2/ from lens L, 
at A. Another converging lens of focal length 2/ is placed 3/ from lens L, at 
B. Find the height of final image thus formed? 





An object is placed at a certain distance from a screen. A convex lens of focal length 40 cm is placed 
between the screen and the object. A real image is formed on the screen for two positions of the lens, which 


differ by a distance of 1 04/17 cm. Find the distance of the object from the screen? 


A point object is placed at a distance of 25 cm from a convex lens of focal length 20 cm. Ifa glass slab 
of thickness t and refractive index 1.5 is inserted between the lens and object. The image is formed at 
infinity. Find the thickness t ? 


An object is kept at a distance of 16 cm froma thin lens and the image formed is real. If the object is kept 
at a distance of 6 cm from the same lens the image formed is virtual. If the size of the image formed are 
equal, then find the focal length of the lens? 


A thin convex lens forms a real image of a certain object ‘p’ times its size. The size of real image 
becomes ‘q’ times that of object when the lens is moved nearer to the object by a distance ‘a’ find focal 
length of the lens ? 


A diverging lens of focal length 10 cm is placed 10 cm in front ofa plane mirror 
as shown in the figure. Light from a very far away source falls on the lens. Find 
the image of source due to plane mirror (before hitting lens again) at a distance 
from mirror? 





In the figure shown, the focal length of the two thin convex lenses is 
the same = f. They are separated by a horizontal distance 3f and 
their optical axes are displaced by a vertical separation 'd' (d << f), 
as shown. Taking the origin of coordinates O at the centre of the first 
lens, find the x and y coordinates of the point where a parallel beam 
of rays coming from the left finally get focussed? 





A point source of light is kept at a distance of 15 cm from a converging lens, on its optical axis. The focal 
length of the lens is 10 cm and its diameter is 3 cm. A screen is placed on the other side of the lens, 
perpendicular to the axis of lens, ata distance 20 cm from it. Then find the area of the illuminated part of 
the screen? 


Consider a ‘beam expander’ which consists of two converging lenses of 
focal lengths 40 cm and 100 cm having acommon optical axis. A laser 
beam of diameter 4 mm is incident on the 40 cm focal length lens. The 
diameter of the final beam will be (see figure) 





An equilateral prism deviates a ray through 23° for two angles of incidence differing by 23°. Find и of the 
prism? 

List of recommended questions from I.E. Irodov. 

5.13 to 17, 5.21 to 24, 5.26, 5.27, 5.31, 5.34 to 37 
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ЕХЕКСІЅЕ # П 


An observer whose least distance of distinct vision is 'd', views his own face іп a convex mirror of radius 


r 
of curvature т. Prove that magnification produced can not exceed 4 Га 2 
+vd°+r° 


Two identical convex lenses L, and L, are placed at a distance of 20 cm from each other on the common 
principal axis. The focal length of each lens is 15 cm and the lens L, is to the right of lens A. A point 
object is placed at a distance of 20 cm on the left of lens L,, on the common axis of two lenses. Find, 
where a convex mirror of radius of curvature 5 cm should be placed so that the final image coincides with 
the object? 


A thin converging lens is arranged between a small illuminated object & a screen so that an image of the 
object of linear magnification 3 is formed ona screen . The object and the screen are then 64 cm apart. 
A thin biconcave lens is then placed between the converging lens & the screen so that the lenses are 
coaxial & 6 cm apart . To restore a sharply focussed image on the image screen the object was moved 
away from the converging lens through a distance of 14 cm . The biconcave lens has a surface of radii of 
curvature 14 cm & 21 cm. Calculate the focal length of the biconcave lens. Also find the R. I. of the 
biconcave lens. 


A surveyor on one bank of canal observed the image of the 4 inch and 17 ft marks ona vertical staff, 
which is partially immersed in the water and held against the bank directly opposite to him, coincides. If 
the 17ft mark and the surveyor’s eye are both 6ft above the water level, estimate the width of the canal, 
assuming that the refractive index of the water is 4/3. 


Two thin similar watch glass pieces are joined together, front to front, with rear portion silvered and the 
combination of glass pieces is placed at a distance a = 60 cm from a screen. A small object is placed 
normal to the optical axis of the combination such that its two times magnified image is formed on the 
screen. If air between the glass pieces is replaced by water (р = 4/3), calculate the distance through 
which the object must be displaced so that a sharp image is again formed on the screen. 


A concave mirror has the form of a hemisphere with a radius of В = 60 cm. A thin layer of an unknown 
transparent liquid is poured into the mirror. The mirror-liquid system forms one real image and another 
real image is formed by mirror alone, with the source in a certain position. One of them coincides with 
the source and the other is at a distance of /=30 cm from source. Find the possible value(s) refractive 
index p of the liquid. 


A ray of light refracted through a sphere, whose material has refractive index p in such a way that 
it passes through the extremities of two radii which make an angle Ө with each other. Prove that ifa 
is the deviation of the ray caused by its passage through the sphere 


1 0 
cos—(0-a) = Шы 


In the figure shown, find the relative speed of approach/separation of the йт 

two final images formed after the light rays pass through the lens, at the бөлін f y" 
moment when u = 30 cm. The speed object = 4 cm/s, The two lens halves а еен 
are placed symmetrically w.r.t. the moving object. | Vi 
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0.9 


0.10 


0.11 


012 


0.13 


(а) 
(b) 


Q.14 
(a) 


(b) 


Q.15 


0,16 


Three right angled prisms of refractive indices p, р, and p, are 
joined together so that the faces of the middle prism in are in contact 5 


N Q 
each with one of the outside prisms. If the ray passes through the ар 
<2 


composite block undeviated, show that p,? + p1,7—p,?= 1. 


Two rays are incident on a spherical mirror of radius of R = 5 cm parallel to its optical axis at the distance 
h, =0.5 cmand h, =3 cm. Determine the distance Ax between the points at which these rays intersect 
the optical axis after being reflected at the mirror. 


A beam of light is incident vertically on a glass hemisphere of radius К. 
lying with its plane side on table . The axis of the beam coincides with 
the vertical axis passing through the centre of the base of the hemisphere 
and the radius r, of the cross section of the beam is smaller than R. 
Find the radius of the luminous spot formed on the table. 





In the figure shown L is а converging lens of focal length 10cm 
and М іѕасопсауе mirror of radius of curvature 20cm. A point 
object O is placed in front of the lens at a distance 15cm. АВ and 
CD are optical axes of the lens and mirror respectively. Find the 
distance of the final image formed by this system from the optical 
centre of the lens. The distance between CD & AB is 1 cm. к-15ст 





45ст--ы 





A thief is running away in а car with velocity of 20 m/s. A police jeep is following him, which is sighted by 
thief in his rear view mirror which is a convex mirror of focal length 10 m. He observes that the image of 
jeep is moving towards him with a velocity of 1 cm/s. Ifthe magnification of the mirror for the jeep at that 
time is 1/10. Find 

actual speed of jeep 

rate at which magnification is changing. 

Assume that police jeep is on axis of the mirror. 


The figure illustrates an aligned system consisting of three thin 
lenses. The system is located in air. Determine: 

the position (relative to right most lens) of the point of 
convergence ofa parallel ray incoming from the left after passing | 
through the system ; +100р убор 5100 
The distance between the first lens and a point lying on the axis to the left of the system, at which that 
point and its image are located symmetrically with respect to the lens system? 





A circular disc of diameter d lies horizontally inside a metallic hemispherical 
bowl radius a. The disc is just visible to an eye looking over theedge.The — «3... 
bowl is now filled with a liquid of refractive index р. Now, the whole of the 





(ne | 
(ja — 4) 


disc is just visible to the eye in the same position. Show that d= 2а TORUM 
pe + 





A luminous point P is inside a circle. A ray enters from P and after two reflections by the circle, return to P. 
If 0 be the angle of incidence, a the distance of P from the centre of the circle and b the distance of the 


| —b 
centre from the point where the ray in its course crosses the diameter through P, prove that tanO == ү = ; 
a 
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0.17 A glass wedge with a small angle of refraction Ө is placed at a certain 
distance from a convergent lens with а focal length f, one surface of the 
wedge being perpendicular to the optical axis of the lens. A point sources 
S of light is on the other side of the lens at its focus. The rays reflected from 
the wedge (not from base) produce, after refraction in the lens, two images 
of the source displaced with respect to each other by d. Find the refractive 
index of the wedge glass. 





Q.18 Ап opaque sphere of radius R lies on a horizontal plane. On the 
perpendicular through the point of contact there is a point source of light 
a distance R above the sphere. 

(a) — Showthat the area of the shadow on the plane is 3лК2. 





(b) A transparent liquid of refractive index -/3 is filled above the plane 


such that the sphere is just covered with the liquid. Show that the area 
of shadow now becomes 2xR?. 





€ Bansal Classes Geometrical Optics [11] 


0.1 


EXERCISE # Ш 


Агау of light travelling in airis incident at grazing angle (incident 
angle = 90°) on along rectangular slab of a transparent medium 
of thickness t = 1.0 (see figure). The point of incidence is the 
origin A (О, О). The medium has a variable index of refraction 
n(y) given by : n(y) — [Куз? + 112, where k= 1.0 732, i: 
The refractive index of airis 1.0. -77 (0,0) 
Obtain a relation between the slope ofthe trajectory of the ray at a point В (x, y) in the medium and the 
incident angle at that point. 

Obtain an equation for the trajectory y (x) ofthe ray in the medium. 

Determine the coordinates (x, , y,) of the point P, where the ray the ray intersects the upper surface of 
the slab-air boundary . 

Indicate the path ofthe ray subsequently . [JEE °95] 





A right angle prism (45? —90? —45?) of refractive index n has a plate 
of refractive index n, (n, <n) cemented to its diagonal face. The assembly 
is in air. a ray is incident on AB (see the беше). 

Calculate the angle of incidence at AB for which the ray strikes the 





diagonal face at the critical angle. C 
Assuming n= 1.352 . Calculate the angle of incidence at AB for which the EV ray passes through 
the diagonal face undeviated . [JEE *96] 


A thin plano-convex. Lens of focal length F is split into two halves, 
one ofthe halves is shifted along the optical axis. The separation between 
object and image planes is 1.8 m. The magnification ofthe image formed 
by one of the half lenses is 2. Find the focal length of the lens and Ё | 


о 
separation between the two halves. Draw the ray diagram for image ны ЕП 
formation. [JEE 6) 


Which of the following form(s) a virtual & erect image for all positions of the real object ? 
(A) Convex lens (B) Concave lens (С) Convex mirror (D) Concave mirror 
[JEE °96] 


A small fish, 0.4m below the surface ofa lake, is viewed through a simple converging lens of focal 

length 3m . The lens is kept at 0.2m above the water surface such that the fish lies on the optical axis of 

the lens. Find the image of the fish seen by the observer . The refractive index of the water is 4/3. 
[REE '96] 


Q.6(1)An eye specialist prescribes spectacles having a combination of convex lens of focal length 40cm in 


contact with a concave lens of focal length 25 cm . The power of this lens combination in diopters is : 
(А) + 1.5 (В) - 1.5 (С) +6.67 (О) - 6.67 
[JEE 97) 
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Gi) 


Gi) 
E 


(ii) 


Q.8 


A thin equiconvex lens of glass of refractive index и=3/2 FIM 2 Бо 
& of focal length 0.3 m in air is sealed into ап opening 5 Е 
at one end of a tank filled with water (р = 4/3). On the 
opposite side of the lens, a mirror is placed inside the 
tank on the tank wall perpendicular to the lens axis, as 
shown in figure . The separation between the lens and the 
mirror is 0.8 m . A small object is placed outside the tank 
in front of the lens at a distance of 0.9 m from the lens 
along its axis . Find the position (relative to the lens) ofthe 
image of the object formed by the system. [ЈЕЕ '97] 





Select the correct alternative(s) : [JEE '98] 

A concave mirror is placed on a horizontal table, with its axis directed vertically upwards. Let O be 
the pole ofthe mirror & C its centre of curvature . A point object is placed at C . It has a real image, also 
located at C . If the mirror is now filled with water, the image will be: 

(A) real, & will remain at C 

(B) real, & located at a point between C & © 

(C) virtual, & located at a point between C & O 

(D) real, & located at a point between C & О. 


А ray of light travelling in a transparent medium falls ona surface separating the medium from air at an 
angle of incidence of 45? . The ray undergoes total internal reflection . If nis the refractive index of the 
medium with respect to air, select the possible value(s) of n from the following : 

(A) 1.3 (B) 1.4 (C) 1.5 (D) 1.6 


A spherical surface of radius of curvature R separates air (refractive index 1.0) from glass (refractive 
index 1.5). The centre of curvature is in the glass . A point object P placed in air is found to have a 
real image Q in the glass. The line PQ cuts the surface at a point О and PO = OQ. The distance PO 
is equal to : 

(A) SR (B) 3R (C) 2R (D) 1.5R 


A prism of refractive index n, & another prism of refractive index n, 
are stuck together without a gap as shown in the figure. The angles 
of the prisms are as shown . n, & n, depend on А, the wavelength of 


10.8x10* 1.80x104 
light according to n, = 1.20 + EDT & n,=1.45+ Cam 





where А, is in пт. 
Calculate the wavelength A, for which rays incident at any angle on the interface BC pass through 
without bending at that interface . 

For light of wavelength à, find the angle of incidence i on the face AC such that the deviation produced 
by the combination of prisms is minimum . [JEE '98] 

A rod made of glass (и = 1.5) and of square cross-section is bent into the shape 
shown in figure. A parallel beam of light falls perpendicularly on the plane flat surface 
A. Referring to the diagram, d is the width of a side & R is the radius of inner 


semi circle 
Hu 


d 
semicircle. Find the maximum value ofratio R? that all light entering the glass 


through surface A emerge from the glass through surface B. [REE '98] 
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Q.11 


0.12 


0.13 


0.14 
(а) 


(b) 


A concave lens of glass, refractive index 1.5, has both surfaces of same radius of curvature R. On 


immersion in a medium of refractive index 1.75, it will behave as a [JEE '99] 
(A) convergent lens of focal length 3.5R (B) convergent lens of focal length 3.0 В. 
(C) divergent lens of focal length 3.5R (D) divergent lens of focal length 3.0R 


The x-y plane is the boundary between two transparent media. Medium-1 with z> 0 has refractive index 
42 and medium —2 with z < 0 has a refractive index 4/3. A ray of light in medium -1 given by the 


vector A = 6453 i +843 ]—10К is incident on the plane of separation. Find the unit vector in the 
direction of refracted ray in medium -2. [JEE 799) 





A quarter cylinder of radius R and refractive index 1.5 is placed on a table. A point 
object P is kept at a distance of mR from it. Find the value of m for which aray from |9— | |. 
P will emerge parallel to the table as shown in the figure. [JEE 99| = 







Р 





Two symmetric double-convex lenses L, and L, with their radii of curvature 0.2m each are made from 
glasses with refractive index 1.2 and 1.6 respectively. The lenses with a separation of 0.345 m are 
submerged in a transparent liquid medium with a refractive index of 1.4. Find the focal lengths of lens L, 
and L,. An object is placed at a distance of 1.3m from L, find the location of its image while the whole 


system remains inside the liquid. [REE '99] 
Select the correct alternative. [JEE '2000 (Scr)] 
A diverging beam of light from a point source S having divergence angle a, falls P 
symmetrically on a glass slab as shown. The angles of incidence of the two AN 


extreme rays are equal. If the thickness of the glass slab is t and the refractive / y 
index n, then the divergence angle of the emergent beam is / 
(A) zero (B) a 

(С) сіп (1/п) (D) 2sin'(1/n) 





A rectangular glass slab ABCD, of refractive index п, is immersed in water 


of refractive index n,(n.>n,). Aray of light is incident at the surface AB of the A р 
slab as shown. The maximum value of the angle of incidence о, such that а. cu 
the ray comes out only from the other surface CD is given by ^ B C 





\ 


(C) sin” (2) (D) 265 
Фя N 


A point source of light B is placed at a distance L in front of the centre of a 3 
mirror of width d hung vertically on a wall. А man walks in frontofthe mirror — 4| 
along aline parallel to the mirror at a distance 2L from it as shown. The greatest 
distance over which he can see the image ofthe light source in the mirror is 

(A)d/2 (B)d (C) 2d (D) 3d т 


Se] n 5 jn me Ё = 7 | - 
(A) 5M Ben sin 9) (В) sin |a соз) sin — | 
Na \ ny n, 





3———^€^— ^^—€^ OÓ————OO—————————————————————————ÁÁÁÉÁÁÁ''..— A: — 
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(d) 


Q.15 


Q.16 


Q.17 


Q.18 


Q.19 


A hollow double concave lens is made of very thin transparent material. It can be filled with air or either 
of two liquids L, or L, having refractive indices n, and n, respectively (n, >n, > 1). The lens will diverge 
a parallel beam of light if it is filled with 

(A) air and placed in air. (В) air and immersed in L.. 

(С) L, and immersed in Г... (D) L, and immersed in Г... 


A convex lens of focal length 15 cm anda concave mirror of focal length 
30 cm are kept with their optic axes PQ and RS parallel but separated 
in vertical direction by 0.6 cm as shown. The distance between the lens 
and mirror is 30 cm. An upright object AB of height 1.2 cm is placed on 
the optic axis PQ of the lens at a distance of 20 cm from the lens . IfA’ 
B' is the image after refraction from the lens and reflection from the 
mirror, find the distance А’В’ from the pole of the mirror and obtain its 
magnification. Also locate positions of A’ and В” with respect to the 
optic axis RS. [JEE 2000] 





A thin equi biconvex lens of refractive index 3/2 is placed on a horizontal 
plane mirror as shown in the figure. The space between the lens and the 
mirror is then filled with water of refractive index 4/3. It is found that 
when a point objectis placed 15cm above the lens on its principal 
axis, theobject coincides with its own image. On repeating with another 


liquid, the object and the image again coincide at a distance 25cm from | < a | 
the lens. Calculate the refractive index of the liquid. [JEE 2001] 


The refractive indices of the crown glass for blue and red lights are 1.51 and 1.49 respectively and those 
of the flint glass are 1.77 and 1.73 respectively. An isosceles prism of angle 6° is made of crown glass. 
A beam of white light is incident at a small angle on this prism. The other flint glass isosceles prism is 
combined with the crown glass prism such that there is no deviation of the incident light. Determine the 
angle of the flint glass prism. Calculate the net dispersion of the combined system. [JEE 2001] 

An observer can see through a pin-hole the top end of a thin rod of Р 
height h, placed as shown in the figure. The beaker height is 3h and its т | 
radius h. When the beaker is filled with a liquid up to a height 2h, he can | 
see the lower end of the rod. Then the refractive index of the liquid is 3h| | 


(A) 5/2 (B) /5/2 ij 
(C) 4372 '"  (D)32 [JEE2002 (Scr)] —9 = 





Which one of the following spherical lenses does not exhibit dispersion? The radii of curvature of the 
surfaces of the lenses are as given in the diagrams. [JEE 2002 (Scr)] 


(An, „АБ 4 ©, | p- = (D) 3 


2: 


К+ К, 
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Q.20 


Q.21 


Q.22 


Q.23 


Q.24 


Q.25 


Q.26 


Q.27 


Q.28 


Two plane mirrors A and B are aligned parallel to each other, as shown 233m B 





in the figure. A light ray is incident at an angleof30?atapointjustinside , 222 

one end of A. The plane of incidence coincides with the plane ofthe |025 30° 
figure. The maximum number of times the ray undergoes reflections | 

(including the first one) before itemerges outis [JEE 2002 (Scr)] 

(A) 28 = (B)30 (C) 32 (D) 34 * 


Aconvex lens of focal length 30 cm forms an image of height 2 cm for an object situated at infinity. Ifa 
сопусауе lens of focal length 20 cm is placed coaxially at a distance of 26 cm in front of convex lens then 


size image would be [JEE 2003 (Scr)] 
(A) 2.5 cm (B) 5.0 (C) 1.25 (D) None 

A meniscus lens is made of a material of refractive index ц.. Both its surfaces s d Hı < 2< H3 
have radii of curvature R. It has two different media of refractive indices 1, ш mln 

and и, respectively, on its two sides (see figure). Calculate its focal length for | 

H4 X ps <р, when light is incident on it as shown. [JEE 2003] RV \R 


White light is incident on the interface of glass and air as shown in the figure. If | 


green light is just totally internally reflected then the emerging ray in air contains — ^" |_ Green 
(A) yellow, orange, red (B) violet, indigo, blue ses | 
(С) all colours f (D) all coloure except green kn 
[JEE 2004 (Scr)] 
A ray of light is incident on an equilateral glass prism placed on a horizontal 
table. For minimum deviation which ofthe following is true ? [JEE 2004 (Scr)] 9 
(A) PQ is horizontal (B) QR is horizontal af \ 5 
(C) RS is horizontal (D) Either PQ or RS is horizontal. / — 


A point object is placed at the centre of a glass sphere of radius 6 cm and refractive index 1.5. The 
distance ofthe virtual image from the surface ofthe sphere is [JEE 2004 (Scr)] 
(А)2 ст (B)4 cm (C) 6cm (D) 12 cm 


Figure shows an irregular block of material of refractive index 4/2 . A 
ray of light strikes the face AB as shown in the figure. After refraction it 
is incident on a spherical surface CD of radius of curvature 0.4 m and 
enters a medium of refractive index 1.514 to meet PQ at E. Find the 
distance OE upto two places of decimal. [JEE 2004] 





An object is approaching a thin convex lens of focal length 0.3 m with a speed of 0.01 m/s. Find the 
magnitudes ofthe rates of change of position and lateral magnification of image when the object is at a 
distance of 0.4 m from the lens. [JEE 2004] 


3 
The ratio of powers of a thin convex and thin concave lens is — and equivalent focal length of their 


combination is 30 cm. Then their focal lengths respectively are [JEE' 2005 (Scr)] 
(A) 75,— 50 (B) 75, 50 (C) 10, — 15 (D) - 75, 50 
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Q.29 


Q.30 


0.31 
(а) 
(b) 








Figure shows object O. Final image Iis formed after two refractions and one 

reflection is also shown in figure. Find the focal length of mirror. (in cm) : 

(A) 10 (B)15 (C) 20 (D) 25 
[JEE' 2005 (Scr)] 


33.25cm 





What will be the minimum angle of incidence such that the total internal reflection 


occurs on both the surfaces? 
[JEE 2005] 





prism at face AB. Find, 

the angle of incidence, so that the emergent ray from the first prism has 
minimum deviation. 

through what angle the prism DCE should be rotated about C so that 
the final emergent ray also has minimum deviation. 





[JEE 2005] 
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ANSWER KEY 


EXERCISE # I 
Q.1 60° Q2 3 0.3 13 0.4 15cm 
0.5 45° 0.6 15 0.7 10005 


а ВЕН 90-0 


‚8 = i 2 10 
Q гаа "URGE Q.9 2cm 0.10 80 
1.2 - ee P 
О.П tan 3 wath the principal axis, -2- cm/sec 0.12 42 0.13 42cm 
014 ЕЗ Qis ŒD 1e 42cm Q.17 45° 
В 5 
45-1 
0.18 өш --%- 019 4/3 0.20 5ст 021 2h 
ара 
0.22 170m 0.23 15cm 024 Ист ОЕ = 
` 
0.26 20cmbehind the mirror 0.27 (55,24) 0.28 (л/4) cm? 
029 lcm 0.30 um 
EXERCISE # II. 
0.2 5.9ст,10.9 ст Q3 #=-21ст, ц= 1.4 0.4 = 16 feet 
Q.5 15cm towards the combination 0.6 1.5 or (45-1) 0.8 — 8/Scm/s 
Q.10 5/8-0.625 cm 
vee ee ы r 
.1] r= = —,if r<<R 
9 3 в) 02-6780) А) п’ 
012 6/26 cm 0.13 (a) 21 m/s, (b) 1 x 1053 /sec 
0.14 (a)3.3 cm, (b) 1= (50/3) ст 0.17 а29 


EXERCISE # III 
4 
Q.1 (а) tand = = -coti (b) у= К ( х) (с) 4.0, 1 (d) It will become parallel to x-axis 


(= 
Q.2 (i) sin Р (Jn? =n,’ - «)] (1) г, = sin! (n sin 45°) = 72,949 

Q.3 f=0.4m, separation = 0.6m ` Q.4 B,C Q.5 On the object itself 
Q.6 (i) B, (ii) 90 cm from the lens towards right 0.7 (i) D, (ii) C, D, (iii) A 


p""""'T"'"C"C'C[|""——"——————————————— E 
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Q.8 (i) 4,=600nm, п-1.5 (ii) i= sin" (0.75) = 48.59° Q.9 (=| =~ Q10A 


9. 5925 E 2 
0.13 f,=-70cm, f, = 70cm, V=560cmtotherightofL, 0.14 (а) В (b) А. (ә р (dD 
0.15 АВ at 15cm to the right of mirror . B' is 0.3 cm above RS and A’ is 1.5 cm below RS. Magnification 


k(angleof incidence=60° ;r=45°) 0.12 m=4/3 


is 1.5 
Q.16 1.6 Q.17 4° and 0.047 0.18 B ое. 020 В 
Q.21 A QUo pay cR. Q23 A Q24 B 
H3 —Hy 
Q25 C Q.26 ai’ = 6.06 m correct upto two places of decimal. 
0.27 Magnitude ofthe rate of change of lateral magnification is 0.3 s^. Q28 C 0.29 C 
Q.30 Max (с, с,) = 60? 0.31 (a)i=60°, (b) 60? (anticlockwise) 
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EXERCISE-I 


A remote sensing satellite is revolving in an orbit of radius x the equator ofearth. Find the area on earth 
surface in which satellite can not send message. 


Four masses (each of m)are placed at the vertices of a regular pyramid 


(triangular base) of side 'a'. Find the work done by the system while m m 
taking them apart so that they form the pyramid of side '2а'. % 

m 
A small mass and a thin uniform rod each of mass ' m' are positioned e. 
along the same straight line as shown. Find the force of gravitational . LL 
attraction exerted by the rod on the small mass. m m 


An object is projected vertically upward from the surface of the earth of mass M with a velocity such 
that the maximum height reached is eight times the radius R of the earth. Calculate: 

(i) the initial speed of projection 

(ii) the speed at half the maximum height. 


A satellite close to the earth is in orbit above the equator with a period of rotation of 1.5 hours. If it is 
above a point P on the equator at some time, it will be above P again after time 


A satellite is moving in a circular orbit around the earth. The total energy of the satellite is 
Е=- 2 x105J. The amount of energy to be imparted to the satellite to transfer it to a circular orbit where 
its potential energy is U=- 2 х 10°J is equal to 


A rocket starts vertically upwards with speed v,. Show that its speed v at а height В is given by 
2- eh) 


У? -v= h 
Н 1a 
et) 


where R is the radius ofthe earth. Hence deduce the maximum height reached by a rocket fired with 


speed equal to 90% of escape velocity. кее” 


Find the gravitational field strength and potential at the centre of arc of 


linear mass density À subtending an angle 20. at the centre. No 
R 


A point P lies on the axis ofa fixed ring of mass M and radius a, at a distance a from its centre C. A small 
particle starts from P and reaches C under gravitational attraction only. Its speed at C will be 





Calculate the distance from the surface ofthe earth at which above and below the surface acceleration 
due to gravity is the same. 


Consider two satellites A and B of equal mass m, moving in the same 

circular orbit of radius r around the earth E but in opposite sense of A B 
rotation and therefore on a collision course (see figure). 

In terms of G M,, m and r find the total mechanical energy E, + E, of 
the two satellite plus earth system before collision. 

If the collision is completely inelastic so that wreckage remains as one piece of tangled material 
(mass = 2m), find the total mechanical energy immediately after collision. 

Describe the subsequent motion of the wreckage. 
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Q.12 


Q.13 
Q.14 


Q.15 
(i) 


(i) 
Q.16 


Q.17 


Q.18 


(a) 
(b) 
(c) 


Q.19 
(a) 


(b) 


Q.20 


A particle is fired vertically from the surface of the earth with a velocity Ко, , where v, is the escape 
velocity and К < 1. Neglecting air resistance and assuming earth's radius as R,. Calculate the height to 
which it will rise from the surface ofthe earth. 


A satellite of mass m is orbiting the earth in a circular orbit of radius г. It starts losing energy due to small 
air resistance at the rate of C J/ s. Then the time taken for the satellite to reach the earth is 


Find the potential energy of a system of eight particles placed at the vertices ofa cube of side L. Neglect 
the self energy ofthe particles. 


A hypothetical planet of mass M has three moons each of equal mass ‘m’ each n... 

revolving in the same circular orbit of radius R. The masses are equally spaced and лч 
. . + Д ud ` 

thus form an equilateral triangle. Find: · ) "i 2 3, 

the total PE. ofthe system (ay- - 5-- - (a) 

the orbital speed of each moon such that they maintain this configuration. 6 

Two small dense stars rotate about their common centre of mass as a binary system with the period 

1 

lyear for each. One star is of double the mass of the other and the mass of the lighter one is 3 of the 

mass of the sun. Find the distance between the stars if distance between the earth & the зип is R. 

A sphere of radius R has its centre at the origin. It has a uniform mass density 


ру except that there is a spherical hole of radius r-R/2 whose centre is at 
x=R/2 as in fig. (a) Find gravitational field at points on the axis for x > К (ii) 
Show that the gravitational field inside the hole is uniform, find its magnitude 
and direction. 





A body moving radially away from a planet of mass M, when at distance r from planet, explodes in such 
a way that two ofits many fragments move in mutually perpendicular circular orbits around the planet. 
What will be 

then velocity in circular orbits. 

maximum distance between the two fragments before collision and 

magnitude of their relative velocity just before they collide. 


The fastest possible rate of rotation of a planet is that for which the gravitational force on material at the 
equator barely provides the centripetal force needed for the rotation. (Why?) 
Show then that the corresponding shortest period of rotation is given by 


3c 
лл ср 


Where р is the density of the planet, assumed to be homogeneous. 
Evaluate the rotation period assuming a density of 3.0 gm/cm?, typical of many planets, satellites, and 
asteroids. No such object is found to be spinning with a period shorter than found by this analysis. 


A thin spherical shell of total mass М and radius К is held fixed. There is a small hole in the shell. A mass 
m is released from rest a distance R from the hole along a line that passes through the hole and also 
through the centre of the shell. This mass subsequently moves under the gravitational force of the shell. 
How long does the mass take to travel from the hole to the point diametrically opposite. 





List of recommended questions from LE. 5407. 
1.213, 1.216 to 1.220, 1.224 to 1.227, 1.229 
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(b) 


Q.8 


EXERCISE-II 


A satellite P is revolving around the earth at a height h — radius of earth (R) 
above equator. Another satellite Q is at a height 2h revolving in opposite 
direction. At an instant the two are at same vertical line passing through centre 
of sphere. Find the least time of after which again they are in this situation. 





A certain triple-star system consists oftwo stars, each of mass m, revolving 
about a central star, mass M, in the same circular orbit. The two stars stay at 
opposite ends ofa diameter ofthe circular orbit, see figure. Derive an expression 
for the period of revolution of the stars; the radius of the orbit is г. 





! 
1 
! 
\ 


Find the gravitational force of interaction between the mass m and 
an infinite rod of varying mass density À such that Мх) = A/x, 
where x is the distance from mass m. Given that mass m is placed at 
a distance d from the end ofthe rod on its axis as shown in figure. 


Inside an isolated fixed sphere of radius R and uniform density г, there is а 
spherical cavity of radius R/2 such that the surface ofthe cavity passes 
through the centre ofthe sphere as in figure. A particle of mass mis released 
from rest at centre B of the cavity. Calculate velocity with 

which particle strikes the centre A of the sphere. 





Ina certain double star system the two stars rotate in circular orbits about their common centre of mass. 
The stars are spherical , they have same density р and their radii arc R and 2R . Their centres are К. 
apart. Find the period T of stars in terms of p, КС. 


Aring of radius В is made from a thin wire of radius г. If p is the density ofthe material of wire then what 
will bethe gravitational force exerted by the ring on the material particle of mass m placed on the axis of 


ring at a distance x from its centre. Show that the force will be maximum when x = R/42. and the 
maximum value of force will be given as 


M 4n Gr pm 
max (в)??? R 


In a particular double star system, two stars of mass 3.22 x 1030 kg each revolve about their common 
center of mass, 1.12 x 10!! m away. 

Calculate their common period of revolution, in years. 

Suppose that a meteoroid (small solid particle in space) passes through this centre of mass moving at 
right angles to the orbital plane of the stars. What must its speed be ifit is to escape from the gravitational 
field of the double star? 


А man can jump over b=4m wide trench on earth. Ifmean density of an imaginary planet is twice that 
ofthe earth, calculate its maximum possible radius so that he may escape from it by jumping. Given 
radius of earth = 6400 km. 
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0.10 


0.12 


0.13 


A launching pad with a spaceship is moving along a circular orbit of the moon , whose radius В is 
triple that of moon Rm. The ship leaves the launching pad with a relative velocity equal to the 


launching pad's initial orbital velocity V, and the launching pad then falls to the moon . Determine 


the angle Ө with the horizontal at which the launching pad crashes into the surface if its mass is twice 
that ofthe spaceship m. 


A small satellite revolves around a heavy planet in a circular orbit. At certain point in its orbit a sharp 
impulse acts on it and instantaneously increases its kinetic energy to 'k' (<2) times without change in its 
direction of motion. Show that in its subsequent motion the ratio of its maximum and minimum distances 


, assuming the mass ofthe satellite is negligibly small as compared to that ofthe 





from the planet is Э k 


planet. 


A satellite of mass m is in an elliptical orbit around the earth of mass M (M>>m) The speed of the 


SR 
It is desired to transfer this satellite into a circular orbit around the earth of radius equal its largest 
distance from the earth. Find the increase in its speed to be imparted at the apogee (farthest point on the 
elliptical orbit). 





satellite at its nearest point to the earth (perigee) is Y where R=its closest distance to the earth. 


1.5GM 
A body is launched from the earth's surface a an angle a=30° to the horizontal at a speed у= SR ` 


Neglecting air resistance and earth’s rotation, find (а) the height to which the body will rise. (ii) The 
radius of curvature of trajectory at its top point. 


Assume that a tunnel is dug across the earth (radius = R) passing through its centre. Find the time a 
particle takes to reach centre of earth if it is projected into the tunnel from surface of earth with speed 
needed for it to escape the gravitational field of earth. 
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EXERCISE-III 


If the distance between the earth and the sun were half its present value, the number of days in a year 
would have been j [JEE' 96] 
(A) 64.5 22 (В) 129 (С) 182.5 (D) 730 


Distance between the centres of two stars is 10 а. The masses of these stars are М and 16 M and their 
radii a and 2a respectively. A body of mass m is fired at night from the surface of the larger star towards 
the smaller star. What should be its minimum initial speed to reach the surface of the smaller star ? Obtain 
the expression in terms of G M and a. [JEE' 96] 


An artificial satellite moving in a circular orbit around the earth has a total (K.E. + PE.) Е. Its potential 
energy is [JEE' 97] 
(А)-Е, (В) 1.5 E, (C)2E, (D) E, 


А cord of length 64 m is used to connect a 100 kg astronaut to spaceship whose mass is much larger 
than that of the astronaut. Estimate the value of the tension in the cord. Assume that the spaceship is 
orbiting near earth surface. Assume that the spaceship and the astronaut fall on a straight line from the 


earth centre. The radius ofthe earth is 6400 km. [REE 98] 
In a region of only gravitational field of mass 'M' a particle is shifted з ic 
from A to B via three different paths in the figure. The work done in 

different paths are W, , W^, W; respectively then dv. 


А 
(A) W,=W,=W;, (B)W,>W,>W; (OW,-W,2W, (М <М, < М, 
[JEE' (Scr.) 2003] 


A body is projected vertically upwards from the bottom ofa crater of moon of depth R/100 where R is 
the radius of moon with a velocity equal to the escape velocity on the surface of moon. Calculate 
maximum height attained by the body from the surface ofthe moon. [JEE' 2003] 


Asystem of binary stars of masses m, and ть are moving in circular orbits of radii г, and гр respectively. 


If T, and Тр are the time periods of masses m, and ть respectively, then [JEE 2006] 
(A) TA 7 Ty (ifr, ? ry) | (B) TA? Tp (if m, > my) 
т c 3 
1 Г 
C t3 = 5) D)T,=T 
( "Ты, a (D) T, - Tg 
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EXERCISE-1 
2 2 2 2 
4x*—R 3Gm Gm ~ 4 [бт 2 |2Gm 
j E T7 202 - 3Х5 эре Е 
- | Р е а : 312 = ON Re S53 SR 
0.5  L6hoursifit is rotating from west to east, 24/17 hours if it is rotating from west to east 
| 26м/ 1 
06 1x 10 ол 3% ipee" = (sina), (- СА 20) Q.9 ,j——| 1-—= 
19 ү а vz 
Rk? 
олов= ік 0.11 (а)-бтм/, (b) - 2GmM /r .Q.12 EE 
бм 1 1 -4GM? ++] 
QUIS аи Та Ee 55? 
3Gm/ m G| m 
| =+M] qi |Z| +M 
Q.15 (i) R 2 ә {e+ | 0.16 R 
жа. А 1 8 |. ._ 2nGp,R- [GM .. -. рәм 
mrs ms in chm ч Q.18 (a) ч 09) гу2 ; ©) 4 - 
Х--- 
2 
0.19 (b) 1.9Һ 0.20 2x/R3/GM 
EXERCISE-II 
2nR?" (646) c Me 4 JE nGpR? 
91 JOMO) 9? /бамуту 93 эр iiem лый 
— zj раға 
Sr 
8. T= 97. T= 4na; b тж .8 
Q 138p Q (a) VGm ,(b) v= i 0.8 /6.4km 
[GM га [8 
Q.9 d - ОИ в Үз Vis 
0.12 (a)h- a В, (b) L.13R 0.13. 69 IR 
EXERCISE-III 
01 B 02 E рм оз С 04 Т-3х107М 
05 А 06 h=99R Q7 D 
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QUESTIONS FOR SHORT. ANSWER 








0.1 "Two satellites move along a circular orbit in the same direction at a small distance from each other. A 
container has to be thrown from the first satellite onto the second one. When will the container reach the 
second satellite faster: if its is thrown in the direction of motion of the first satellite or in the opposite 
direction ? The velocity of the container with respect to the satellite u is much less than that of the satellite v. 

Q.2 Because the Earth bulges near the equator, the source of the Mississippi River (at about 50?N latitude), 
although high above sea level, is about 5 km closer to the centre of the Earth than is its mouth (at about 
30°N latitude). How can the river flow "uphill" as it flows south? 

О.З Use qualitative arguments to explain why the following four periods are equal (all are 84 min, assuming 
auniform Earth density) : 

(а) time of revolution ofa satellite just above the Earth's surface 

(b period of oscillation of mail in a tunnel through the Earth 

(c) period ofa simple pendulum having a length equal to the Earth's radius in a uniform field 9.8 m/s? 

(d) ^ period ofan infinite simple pendulum in the Earth's real gravitational field. 

0.4 After Sputnik I was put into orbit, it was said that it would not return to Earth but would burn up in its 
descent. Considering the fact that it did not burn up in its ascent, how is this possible ? 

Q.5  Anartificial satellite is in a circular orbit about the Earth. How will its orbit change if one ofits rockets is 
momentarily fired. (a) towards earth, (b) away from the Earth, (c) in a forward direction, (d) ina 
backward direction, and (e) at right angles to the plane ofthe orbit? 

Q.6 — Astoneis dropped along the centre of a deep vertical mine shaft. Assume no air resistance but consider 
the Earth's rotation. Will the stone continue along the centre of the shaft ? If not, describe its motion. 

Q.7  Anironcubeis placed near an iron sphere at a location remote from the Earth's gravity. What сап you 
say about the location ofthe centre of gravity ofthe cube? Ofthe sphere ? In general, does the location 
ofthe centre of gravity ofan object depend on the nature ofthe gravitational field in which the object is 
placed? mox 

0.8 Figure shows a particle of mass m that is moved from an infinite distance to the "aif i ж 
centre of a ring of mass M, along the central axis of the ring. For the trip, how \ М 
does the magnitude of the gravitational force on the particle due to the ring М 4 X 
change. E 

Q.9  Infigure, a particle of mass mis initially at point A, at distance d from the centre of one uniform sphere 
and distance 4d from the centre of another uniform sphere, both of mass M >> m. State whether, if you 
moved the particle to point D, the following would be positive, negative, or zero: 

(a) the change inthe gravitational potential energy ofthe particle, 

(b the work done by the net gravitational force on the particle, 

(c) the work done by your force. 

(d) | What are the answers if, instead, the move were from point В to point С? 

Q.10 Reconsider the situation of above question. Would the work done by you be positive, negative, or zero 
if you moved the particle (a) fromA to B, (b)fromAtoC, (c) from B to D? (d) Rank those moves 
accroding to the absolute value ofthe work done by your force, greatest first. 
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ONLY ONE OPTION. IS CORRECT. 


Take approx. 2 minutes for answering each question. 


0.1 


“ 9.2 


Q3 


QA) 


Q.5 


Q.6 


0.7 


0.8 


A large spherical planet of radius R, made of a material of density d, has a spherical cavity of radius 
R/2, with center of cavity a distance R/2 from the centre of the planet. Find the gravitational force оп a 
small mass “т” at the center of the cavity. 


(A) 2nRGmd/3 (В) xRGmd/3 (C) 2nRGmd (D) 4nRGmd/3 


At what altitude will the acceleration due to gravity be 25% of that at the earth’s surface (given radius of 
earth is R)? 
(A) R/4 ‚ ВК (С) 3R/8 (б) R/2 


At what distance from the centre of the moon is the point at which the strength of the resultant field of 
earth's and moon's gravitational field is equal to zero. The earth's mass is 81 times that of moon and the 
distance between centres of these planets is 60R where К is the radius of the earth 

(A) 6R (B) 4R (C) 3R (D)5R 


Two masses m, & m, are initially at rest and are separated by a very large distance. If the masses 
approach each other subsequently, due to gravitational attraction between them, their relative velocity 
of approach at a separation distance of dis: 


2 Gd (м, + m,) G 


2G 
атар 9 


(C) G + m;) 29 | (D) (m, +m,)!?2Gd 


Let œ be the angular velocity of the earth’s rotation about its axis. Assume that the acceleration due to 
gravity on the earth's surface has the same value at the equator and the poles. An object weighed at the 
equator gives the same reading as a reading taken at a depth d below earth's surface at a pole (d<<R) 
The value of d is 


2R? 











о’В* 2@°R? JRg 
(O D 


үн 28 в т 


я (B) 


A spherical hole of radius R/2 is excavated from the asteroid of mass M 
as shown in fig. The gravitational acceleration at a point on the surface 
ofthe asteroid just above the excavation is 


(A) GM/R? - (В) GM/2R? (С) GM/8R2 (D) 7GM/8R2 


Ifthe radius ofthe earth be increased by a factor of 5, by what factor its density be changed to keep the 
value ofg the same? 


(A) 1/25 (B) 1/5 (С) 1/-/5 (Р) 5 


А man of mass m starts falling towards a planet of mass М and radius В. As he reaches near to the 
surface, he realizes that he will pass through a small hole in the planet. As he enters the hole, he sees that 





the planet is really made of two pieces a spherical shell of negligible thickness of mass and a point 


^4 
3 


M : | 
mass — at the centre. Change in the force of gravity experienced by the man is 
3 








2 GMm 1 GMm 4 GMm 
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An infinite number of masses, each of one kg are placed on the +ve X axis at 1m, 2m, 4m, from the 


_ origin. The magnitude of the gravitational field at origin due to this distribution of masses is: 


4G 3G 
(A) 2G В (©) а. (D) о 


With what angular velocity the earth should spin in order that a body lying at 30° latitude may become 
weightless [R is radius of earth and g is acceleration due to gravity on the surface of earth] 


2 4g Го. Ag 
(A) 458 в Е (p) | 


Two concentric shells ofuniform density of mass M, and M, are situated 
as shown in the figure. The forces experienced by a particle of mass m 
when placed at positions A, В and С respectively are (given ОА =р, ОВ 
=q and OC =r) 
Mn 


(A) zero, (gr та and G 
q 





(М, + М;/т 
р“ 


p) Мт | SM C Mm ana o Mim 
р 4: r 
(C) gM” G (M; * Mj)m 
g р? 


Mym 
‚ G—L- and zero 
q 


and zero 


(D) G (М, М2)" 


A satellite of the earth is revolving in circular orbit with a uniform velocity V. If the gravitational force 
suddenly disappears, the satellite will 

(A) continue to move with the same velocity in the same orbit. 

(B) move tangentially to the original orbit with velocity V. 

(C) fall down with increasing velocity. 

(D) come to a stop somewhere in its original orbit. > 

А newly discovered planet has a density eight times the density of the earth and а radius twice the radius 
of the earth. The time taken by 2 kg mass to fall freely through a distance S near the surface of the earth 
is 1 second. Then the time taken for a 4 kg mass to fall freely through the same distance $ near the 
surface of the new planet is 

(A) 0.25 sec. (B) 0.5 sec (С) 1 sec. (D) 4 sec. 


Four particles of equal masses M move along a circle of radius R under the action of their mutual 
gravitational attraction maintaining a square shape. The speed of each particle is 


СМ 2/2 +1 [см 4241 GM 4GM 
AMIR «4 JOYR| a © ү ут 
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Q.15 
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0.22 


At what height above the earth’s surface does the acceleration due to gravity fall to 1% of its value at the 
earth’s surface? 
(A)9R (В) 108 (C) 99R (D) 100R 


Find the distance between centre of gravity and centre of mass of a two particle 
system attached to the ends ofa light rod. Each particle has same mass. Length of the 
rod is R, where R is the radius of earth 

(A)R (B) R/2 (C) zero (D) R/4 


The radius ofa planet is В. A satellite revolves around it in a circle of radius г with angular velocity в. 
The acceleration due to the gravity on planet’s surface is 


го 0 
Onn 
A solid sphere of uniform density and radius R applies a gravitational 
force of attraction equal to F, ona particle placed at а distance 3R from 
the centre of the sphere. A spherical cavity of radius R/2 is now made in 
the sphere as shown in the figure. The sphere with cavity now applies a 
gravitational force Е, on the same particle. The ratio E//F is: 


A 1 41 4 2 
(A) б (B) с, (C) 55 (D) >; 





The mass and diameter of a planet are twice those of earth. What will be the period of oscillation ofa 
pendulum on this planet ifit is a seconds pendulum on earth? 


" ” 1 1 
(A) 4/2 second (В) 2./2 seconds (С): Jz second (D) 22 second 


A particle of mass M is at a distance а from surface of a thin spherical M 

shell of equal mass and having radius a. 

(A) Gravitational field and potential both are zero at centre of the shell. 

(B) Gravitational field is zero not only inside the shell but at a point a 
outside the shell also. 

(С) Inside the shell, gravitational field alone is zero. 

(D) Neither gravitational field nor gravitational potential is zero inside the shell. 


өк 


Three point masses, M each, аге moving in a circle , each with a speed v, under their mutual gravitational 
attractive force. The distance between any two masses must be: 


(A) 2GM/? (B)3GM/? (С) GM43/v? (D) GM/? 


A cavity of radius R/2 is made inside a solid sphere of radius R. The centre ofthe cavity is located at a 
distance R/2 from the centre ofthe sphere. Find the gravitational force on a particle of mass ‘m’ at a 
distance R/2 from the centre of the sphere on the line joining both the centres of sphere and cavity 
(opposite to the centre of cavity). [Here g = GM/R?, whereM is the mass ofthe sphere] 


(A) E: (B) UR (C) ES (D) none ofthese 


——  MUoíÁ€-' (Üe"  ?BóBB![e4 Io:!I."!OApEPpAODOODODULLLOL,L,OLULLLLPGQSERÉERESRESEEBESÉEPEFEEEEEENEIEEELETEIREZEZEELEFEEEEEEELEECEELILSZEEELEELIIZESEELEEEE 
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Q.23 


How much deep inside the earth should a man go so that his weight becomes one fourth of that at a point 
which is at а height R above the surface of earth . 


















(A)R/4 (B) 15R/16 (C) 3R/4 (D R2 y 
| 
0.24 Two identical spherical balls each of mass m are placed as shown in figure. У i " 
Plot the variation of g(gravitation intensity) along the x-axis. го Феи E (au. 
Q.25 A satellite revolves in the geostationary orbit but in a direction east to west. The time interval between its 
successive passing about a point on the equator is : 
(A) 48 hrs (B) 24 hrs (C) 12 hrs (D) never 
0.26 A particle starts from rest at a distance R from the centre and along the axis ofa 
fixed ring of radius R & mass M. Its velocity at the centre ofthe ring is: 
[42 GM 2GM К m<<M 
A Ба 
(A) үз (в) ү h 
1 |GM | | GM 
Ta [== = — 
© { +5) = о) (6-42 
0.27 Aspherical uniform planet is rotating about its axis. The velocity ofa point on its equator is V. Due to the 
rotation of planet about its axis the acceleration due to gravity g at equator is 1/2 of g at poles. The 
escape velocity of a particle on the planet in terms of V. 
(A) V,=2V (В) V,=V (C) V, = V/2 (D) V,= ЗУ 
Q.28 Two point masses of mass 4m and m respectively separated by d distance are revolving under mutual 
force of attraction. Ratio of their kinetic energies will be : 
(A) 1:4 (В)1:5 (С)1:1 (D) 1:2 
0.29 Two planets A and B have the same material density. If the radius of A is twice that of B, then the ratio of 
the escape velocity Ма 
(А) 2 (В) /2 (С) 1/У2 (D) 1/2 
0.30 The escape velocity on the surface of the earth is V}. IFM and В are the mass and the radius of the earth 
respectively, then the escape velocity on another planet of mass 2M and radius R/2 will be : 
(А)4У -. (B)2 V, СУ,“ (б) V,/2 
0.31  Aball'A' of mass m falls to the surface of the earth from infinity. Another ball 'B' of mass 2m falls to the 
earth from the height equal to six times radius of the earth then ratio of velocities of 'A' and 'B' on 
reaching the earth is 
(А) (6/5) (В) V(5/6) (C) 1 (D) V(7/6) 
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Q.32 


Q.33 


Q.34 


Q.35 


Q.36 


Q.37 


Q.38 


Q.39 


Q.40 


Ifanartificial satellite revolves in circular orbit around the earth with a speed equal to halfits escape velocity 
from the earth. Then its height above the surface of earth will be: [Radius of earth=6400 km] 
(A) 3200 km (B) 6400 km © (C) 12800 km (D) 24000 km 


The ratio of gravitational acceleration at height 3R to that at height 4R from the surface ofthe earth is : 
(where R is the radius of the earth) 
(A) 9/16 (B) 25/16 (C) 16/25 (D) 16/9 


A small body of superdense material, whose mass is twice the mass of the earth but whose size is very 
small compared to the size of the earth, starts from rest at a height H<< R above the earth’s surface, and 
reaches the earth’s surface in time t. Then t is equal to 


(A) J2H/g (B) /Н/р (С) J2H /3g (D) J4H/3g . 


А rocket islaunched straight up from the surface ofthe earth. When its altitude is one fourth of the radius 
ofthe earth, its fuel runs out and therefore it coasts. The minimum velocity which the rocket must have 
when it starts to coast if it isto escape from the gravitational pull ofthe earth is [escape velocity on 
surface ofearth is 11.2km/s] 

(А) Ikm/s (В) 5km/s (C) 10km/s (D) 15km/s 

Gravitational potential difference between a point on surface of planet and another point 10m above is 


4J/kg. Considering gravitational field to be uniform, how much work is done in moving a mass of 2.0 kg 
from the surface to a point 5.0m above the surface ? 


(A) 0.40 J (В) 2.57 (С) 4.07 (D) 8.07 
Referring to previous problem, what is the gravitational field strength in this region ? 
(A) 0.025 Ме”! (В) 0.40 N kg! (C) 2.5 Ме! (0) 4.0 N kg"! 


Select the correct choice(s): 

(A) The gravitational field inside a spherical cavity, within a spherical planet must be non zero and uniform. 

(B) When a body is projected horizontally at an appreciable large height above the earth, with a velocity 
less than for a circular orbit, it will fall to the earth along a parabolic path. 

(C) A body of zero total mechanical energy placed in a gravitational field will escape the field 

(D) Earth's satellite must be in equatorial plane . 


The orbital velocity of an artificial satellite in a circular orbit just above the earth’s surface is Vy. The 
value of orbital velocity for another satellite orbiting at an altitude of half of earth’s radius is 


a 2 2 2 
Se В Yo (B) |59 © (2%, (D) B 


1+ 





4gR 
A particle is projected with a velocity 4j Ё 
Y 


^ 
2 


vertically upward from the surface of the earth, К being 


the radius of the earth & g being the acceleration due to gravity onthe surface of the earth. The velocity 
of the particle when it is at half the maximum height reached by it is 


2 
cay 88 e) 5 (C) К оү 
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О 44 


0.45 


0.46 


0.47 


0.48 


A satellite is in a circular orbit very close to the surface ofa planet. At some point it is given an impulse 
along its direction of motion, causing its velocity to increase n times. 
It now goes into an elliptical orbit. The maximum possible value of'n for this to occur is 


(A)2 (B) J2 (С) V2 +1 (D) pA ats 

42-1 
A satellite of mass m, initially at rest on the earth, is launched into a circular orbit at a height equal to the 
radius ofthe earth. The minimum energy required is 


.А 1 1 3 
(А) A. mgR (B) 2 mgR - (C) 4 mgR (D) 4 meR 


The figure shows the variation of energy with the orbit radius of a body in circular 

planetary motion. Find the correct statement about the curves A, B and C 

(A) Ashows the kinetic energy, В the total energy and C the potential energy of. : 
the system. 

(B) C shows the total energy, B the kinetic energy and A the potential energy 
of the system. 

(C) С and A are kinetic and potential energies respectively and В is the total energy of the system. 

(D) Aand В are kinetic and potential energies and C is the total energy of the system. 





The ratio of the radius of the earth to that of the moon is 10. The ratio of the acceleration due to gram, 
on the earth to that on the moon is 6. The ratio of the escape velocity from the earth's surface to that from 
the moon is 


(A) 6 (B) 1.5 (C) 12 (D) ./60 


An artificial satellite of the earth releases a package. If air resistance is neglected, the point where the 
package will hit (with respect to the position at the time of release) will be 

(A) ahead (B) exactly below 

(C) behind (D) it will never reach the earth 


A space ship of mass mis in circular orbit of radius 2R, about the earth of mass M and radius К, Energy 
required to transfer the space ship to circular orbit of radius 3R, is 


GMm GMm GMm GMm 
(A) SR (В) x ©) car. (D) TR. 








A particle is projected from the mid-point of the line joining two fixed particles each of mass m. If the 
distance of separation between the fixed particles is /, the minimum velocity of projection of the particle 
50 as to escape is equal to 


[GM [GM 2GM 2GM 
rm e» Oy > etal. 


The escape velocity for a planet is v,. A tunnel is dug along a diameter of the planet and a small body is 
dropped into it at the surface. When the body reaches the centre of the planet, its speed will be 


Ys 
2 








М е 
2 (D) zero 


(Av, (в) “5 © 
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Q.49 


Q.50 


Q.52 


0.53 


0.54 


0.55 


A per son brings a mass of 1 kg from infinity to a point A. Initially the mass was at rest but it moves at a 
speed of 2 m/s аз it reaches A. The work done by the person on the mass is -3]. The potential at A is : 
(A) -3 J/kg ^. (B)2J/kg (C) -5 J/kg (D) -7 J/kg 


А small ball of mass ‘m’ is released at a height ‘К’ above the earth surface, as shown in the figure above. 
Ifthe maximum depth ofthe ball to which it goes is R/2 inside the earth through a narrow grove before 
coming to rest momentarily. The grove, contain an ideal spring of spring constant K and natural length R, 
find the value of K ifR is radius of earth and M mass of earth 





3GMm 6GMm 
ES Gg M. 
9GMm 7GMm 

(C) "E (D) "E 


The magnitude ofthe potential energy per unit mass ofthe object at the surface of earth is E. Then the 
escape velocity ofthe object is: 


(A) /2Е (B)4E? (С) VE (D) 2E 
Suppose a smooth tunnel is dug along а straight line joining two points on the surface of the earth and a 


particle is dropped from rest at its one end. Assume that mass of earth is uniformly distributed over its 
Volume. Then 





(A) the particle will emerge from the other end with velocity | = where M, and R, are earth’s mass 
and radius respectively, lames 

(B) the particle will come to restat centre ofthe tunnel because at this position, particle is closest to earth centre. 

(C) potential energy ofthe particle will be equal to zero at centre of tunnel if it is along a diameter. 

(5) acceleration of the particle will be proportional to its distance from midpoint of the tunnel. 


A hollow spherical shell is compressed to half its radius. The gravitational potential at the centre 
(A) increases 

(B) decreases 

(C) remains same 


(D) during the compression increases then returns at the previous value. 


A body is projection horizontally from the surface of the Earth (radius = R) with a velocity equal to ‘n’ 
times the escape velocity. Neglect rotational effects of the earth. The maximum height attained by the 
body from the Earth’s surface is R/2. Then, ‘n’ must be 


(A) 0.6 (в) (/3)/2 (С) Jo. (D) None 


Consider two configurations of a system of three particles of masses 3 


m 
2 
m, 2m and 3m. The work done by external agent in changing the М 4 
configuration ofthe system from figure (i) to figure (ii) is 1 ў 
З т'Ш——2т mt “м 








2 
(A) zero (В)- m ! + > | figure(i) figure(ii) 
6Gm'(, 1 И 6Gm e ^ 
on асг. 0) (2-35) 
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Two satellites of mass m, & m, are in same circular orbit around earth but are revolving in opposite 
sense. When they undergo completely inelastic collision, the combination 

(A) continues in same orbit 

(B) goes to a circular orbit of lesser radius 

(C) goes in an elliptical orbit within the original circle 

(D) goes in an elliptical orbit outside the original circle 


A uniform spherical planet (Radius R) has acceleration due to gravity at its surface g. Points P and О 


located inside and outside the planet have acceleration due to gravity A . Maximum possible separation 


between Р and О is 


ЛЕ. ЗК 9 
On BE: © (D) none 


A particle is dropped on Earth from height R (radius of Earth) and it bounces back to a height R/2 the 
coefficient of restitution for collision is (ignore air resistance and rotation of Earth) 


| 2 
(5 в) o ot 


A body of mass m is lifted up from the surface of the earth to a height three times the radius of the earth. 
The change in potential energy ofthe body is 

(A)3mgR (B)3/4 mgR (C) 1/3 mgR (D) 2/3 mgR 

where g is acceleration due to gravity at the surface of earth. 


Two satellites S, and S, describe circular orbits of radius г and 2r respectively around a planet. If the 
orbital angular осу E S, is œ, that of S, is : 
(A) w/(2V2) (B) (v2) (С) o/2 (D) w/V2 


When a satellite moves around the earth in a certain orbit, the quantity which remains constant is : 
(A) angular velocity (В) kinetic energy (C) aerial velocity (D) potential energy 


A satellite is launched into a circular orbit of radius R around the earth. A second satellite is launched into an 
orbit of radius 1.02R. The period of second satellite is larger than the first one by approximately 
(A) 1.5% (B) 3% (C) 1% (D) 2% 


Asatellite of mass 5M orbits the earth in a circular orbit. At one point in its orbit, the satellite explodes intotwo ; 
pieces, one of mass M and the other of mass 4M. After the explosion the mass M ends up travelling in the 


same circular orbit, but in opposite direction. After explosion the mass 4M is in 
(A) bound orbit 

(B) unbound orbit 

(C) partially bound orbit 

(D) data is insufficient to determine the nature of the orbit. 


A satellite can be in a geostationary orbit around a planet at a distance r from the centre of the planet. If 
the angular velocity of the planet about its axis doubles, a satellite can now bein a geostationary orbit 
around the planet if its distance from the centre ofthe planet is 


r Г І Г 
(95 @®) >]; © ауз (D) gis 
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0.65 


0.66 


0.67 


0.68 


0.69 


0.70 


0.71 


0.72 


0.73 


A planet ofmass mis in an elliptical orbit about the sun (m << М, „n) with an orbital period T. IFA be the 
area of orbit, then its angular momentum would be: 


2mA 


(A) T (B) mAT 


mA 
(C) ^t (D) 2тАТ 


The planets with radii R,, R, have densities р, p, respectively. Their atmospheric pressures агер, р, 
respectively. Therefore, the ratio of masses of their atmospheres, neglecting variation of g within the 
limits of atmosphere, is 


(A)pRop,/p;R,p; (B)pjRop,/p;R,p, (C)p;jRp;/p;Rop; (р) р,Кур,/р,Кр! 
Suppose the gravitational force varies inversely as the nt power of distance. Then the time period ofa | 


planet in circular orbit of radius R around the sun will be proportional to 


(2:2) 


=) (а) | 
(A) R`? (В) д“ 2 (D) R^ 2 


(C) К" 
А satellite is seen after every 6 hours over the equator. It is known that it rotates opposite to that of 
earth’s direction. Then the angular velocity of the satellite about the centre of earth will be : 

(A) т/2 rad/hr (В) л/3 rad/hr (C) 7/4 rad/hr (D) 1/8 rad/hr 


Asatellite is orbiting round the earth. In a particular orbit its time period is T and orbital speed is V. In 
another orbit the orbital speed is 2V, then time period will be 


(A)8T (B)2T (C) TZ2 (D) T/8 


In a double star system, the masses ofthe two stars are M and 3M. The orbit radius ofthe lighter star is 
R. The time period of each star is 
(A) 81[R3/GM]'2 (B) 16x[R3/GM]}!2 


(С)4л[283/6М]:2 (р) №пе 







Question No. 71 to 72 


Figure shows the orbit of a planet Р round the sun S. ABand Ср аге Fy 
the minor and major axes of the ellipse, 


Ift, is the time taken by the planet to travel along ACB and t, the time along BDA, then 


(A) t, =t, (В), >t, (C) t; «t, (D) nothing can be concluded 
IfU is the potential energy and K kinetic energy then |U] > [К] at 

(A)OnlyD (B) Only C 

(C) both D & C (D) neither D nor C 


Ifa tunnel is cut at any orientation through earth, then a ball released from one end will reach the other 
end intime(neglect earth rotation) 


(A) 84.6 minutes (B) 42.3 minutes (C) 8 minutes (D) depends on orientation 
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Questions 74 to 79 (6 questions) 

Two stars bound together by gravity orbit each other because of their mutual attraction. Such a pair of stars 
is referred to as a binary star system. One type of binary system is that ofa black hole and a companion star. 
The black hole is a star that has collapsed on itself and is so massive that not even light rays can escape its 
gravitational pull. Therefore, when describing the relative motion of a black hole and a companion star, the 
motion of the black hole can be assumed negligible compared to that of the companion. 


The orbit of the companion star is either elliptical with the black hole at one of the foci or circular with the 
black hole at the centre. The gravitational potential energy is given by U = — GmM/r, where Gis the 
universal gravitational constant, m is the mass ofthe companion star, M is the mass ofthe black hole, and 
г 15 the distance between the centre of the companion star and the centre of the black hole. Since the 
gravitational force is conservative, the companion star's total mechanical energy is a constant ofthe 
motion. Because ofthe periodic nature ofthe orbit, there is a simple relation between the average kinetic 
energy <K > ofthe companion star and its average potential energy < U>. In particular, <K> =—<U/2> 


Two special points along the orbit are singled out by astronomers. Perigee is the point at which the companion 
star is closest to the black hole, and apogee is the point at which it is furthest from the black hole. 


At which point in the elliptical orbit does the companion star attain its maximum kinetic energy? 
(A) Apogee (B) Perigee (C) The point midway from apogee to perigee 
(D) All points in the orbit, since the kinetic energy is a constant ofthe motion. 


For circular orbits, the potential energy of the companion star is constant throughout the orbit. If the 
radius ofthe orbit doubles, what is the new value ofthe velocity ofthe companion star? 


(A) Itis 1/2 ofthe old value (В) It is 1/4/2 of the old value 
(C) It is the same as the old value. (D) It is double the old value 


Which of the following prevents the companion star from leaving its orbit and falling into the black hole? 
(A) The centripetal force (B) The gravitational force 
(C) The companion star’s potential energy (D) the companion star’s kinetic energy 


The work done on the companion star in one complete orbit by the gravitational force of the black hole equals 
(A) the difference in the kinetic energy of the companion star between apogee and perigee. 

(B) the total mechanical energy of the companion star 

(C) zero 

(D) the gravitational force on the companion star times the distance that it travels in one orbit. 


For a circular orbit, which of the following gives the correct expression for the total energy? 
(A) - (1/2) mv? (В) mv? (C) - (GmM) /r (D) (GmM)/2r 


What is the ratio ofthe acceleration ofthe black hole to that ofthe companion star? 
(A)M/m (B)m/M (C)mM/r (р) 1/1 
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ONE OR MORE THAN ONE OPTION MAY BE CORRECT. 





Take approx. 3 minutes for answering each question. 


Q.1 


Q2 


Q.3 


0.4 


0.5 


0.6 


Assuming the earth to be a sphere of uniform density the acceleration due to gravity 

(A) at a point outside the earth is inversely proportional to the square of its distance from the centre 
(В) ata point outside the earth is inversely proportional to its distance from the centre 

(C) at a point inside is zero 

(D) at a point inside is proportional to its distance from the centre. 


Mark the correct statement/s | 
(A) Gravitational potential at curvature centre ofa thin hemispherical shell of radius R and mass М is 


alto 9M 
equal to. 


(B) Gravitational field strength at a point lying on the axis of thin, uniform circular ring of radius R and 


GMx 
mass M is equal to (RÀ T y? where x is distance of that point from centre of the ring. 


(C) Newton’s law of gravitation for gravitational force between two bodies is applicable only when 
bodies have spherically symmetric distribution of mass. 
(D) None of these. 


Three particles are projected vertically upward from a point on the surface of the earth with velocities 
V(2gR/3), V(gR), V(4gR3) respectively where R is the radius of the earth and g is the acceleration due to 
gravity on the surface of the earth. The maximum heights attained are respectively h,, h, h. 

(A) h 20773 (B) h,:h,=3:4 (C) һ,:1-1:4 (D) h =R 


A geostationary satellite is at a height h above the surface of earth. If earth radius is R 

(A) The minimum colatitude q on earth upto which the satellite can be used for communication is 
sin! (R/R +h). 

(B) The maximum colatitudes q on earth upto which the satellite can be used for communication is 
sin (R/R +h). 

(C) The area on earth escaped from this satellite is given as 2pR? (1 + sinq) 

(D) The area on earth escaped from this satellite is given as 2pR? (1 + cosq) 


Gravitational potential at the centre of curvature of a hemispherical bowl of radius R and mass Mis V. 
(A) gravitational potential at the centre of curvature of a thin uniform wire of mass M, bent into a 
semicircle of radius R, is also equal to V. 

(B) In part (A) if the same wire is bent into a quarter ofa circle then also the gravitational potential at the 
centre of curvature will be V. 

(C) In part (A) if the same wire mass is nonuniformly distributed along its length and it is bent into a 
semicircle of radius R, gravitational potential at the centre is V. 

(D) none ofthese 


In a solid sphere two small symmetrical cavities are created whose centres lie on a diameter AB of 
sphere on opposite sides ofthe centre. 

(A) The gravitational field at the centre of the sphere is zero. 

(B) The gravitational potential at the centre remains unaffected if cavitiesare not present 

(C) A circle at which all points have same potential is in the plane of diameter AB. 

(D) Acircle at which all points have same potential is in the plane perpendicular to the diameter AB. 
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The spherical planets have the same mass but densities in the ratio 1: 8. For these planets, the Q.14 


` (А) acceleration due to gravity will be in the ratio 4 : 1 


(B) acceleration due to gravity will be in the ratio 1 : 4 
(C) escape velocities from their surfaces will be in the ratio 42:1 


(D) escape velocities from their surfaces will be in the ratio 1 : zi 
Q.15 
Whena satellite in a circular orbit around the earth enters the atmospheric region, it encounters small air 
resistance to its motion. Then 
(A) its kinetic energy increases 
(B) its kinetic energy decreases 
(C) its angular momentum about the earth decreases 
(D) its period of revolution around the earth increases 


А communications Earth saicilite 

(A) goes round the earth from east to west 

(B) can be in the equatorial plane only 

(C) canbe vertically above any place on the earth 
(D) goes round the earth from west to east 


An earth satellite is moved from one stable circular orbit to another larger and stable circular orbit. The 
following quantities increase for the satellite as a result ofthis change 

(A) gravitational potential energy (B) angular vleocity 

(C) linear orbital velocity (D) centripetal acceleration 


Two satellites of same mass of a planet in circular orbits have periods of revolution 32 days and 256 
days. If the radius ofthe orbit ofthe first isx, then the 

(A) radius ofthe orbit ofthe second is 8x 

(B) radius ofthe orbit of the second is 4x 

(C) total mechanical energy of the second is greater than that of the first 

(D) kinetic energy of the second is greater than that of the first. 


Two satellites s, & s, of equal masses revolve in the same sense around a heavy planet in coplanar 
circular orbit of radii R & 4R 

(A) the ratio of period of revolution s, & s, is 1 : 8. 5 

(B) their velocities are in the ratio 2 : 1 

(C) their angular momentum about the planet are in the ratio 2 : 1 

(D) the ratio of angular velocities of s, w.r.t. s, when all three are in the same line is 9 : 5. 


A satellite S is moving inan elliptical orbit around the earth. The mass ofthe satellite is very small 
compared to the mass ofthe earth 
(A) the acceleration of S is always directed towards the centre of the earth 
(B) theangular momentum of S about the centre ofthe earth changes in direction, but its 
magnitude remains constant 
(C) the total mechanical energy of S varies periodically with time 
(D) the linear momentum of S remains constant in magnitude 


—— —— P ——— — HaÓ——— ———————————————M/í'——YM'—— аа | = 
8 Bansal Classes Question Bank on Gravitation [14] | & 


~ — m и 


the 


ers small air 


r orbit. The 


ys and 256 


n coplanar 


very small 


[14] 


‚ 0.14 Ifasatellite orbits as close to the earth's surface as possible, 
(A) its speed is maximum 
(B) time period ofits rotation is minimum 
(C) the total energy of the 'earth plus satellite’ system 15 minimum 
(D) the total energy of the 'earth plus satellite'system is maximum 


0.15 Fora satellite to orbit around the earth, which of the following must be true? 
(A) It must be above the equator at some time 
(B) It cannot pass over the poles at any time 
(C) Its height above the surface cannot exceed 36,000 km 


(D) Its period of rotation must be > 2л./В. / g where Ris radius of earth 
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ONLY ONE OPTION IS CORRECT. 


ONE OR MORE THAN ONE OPTION MAY BE CORRECT 
В,С 


01 А 02 
08 А 09 
015 А 016 
022 В 023 
0.29 А 030 
036 C 037 
043 D 044 
050 D 0.51 
0.57 C 0.58 
0.64 C 065 
071 в Q7 
0.78 А 0.79 
01 Ар 
0.5 АС 
09 BD 
0.13 А 


оОоо>с>оцоососсосососо 


0.3 

0.10 
0.17 
0.24 
0.31 
0.38 
0.45 
0.52 
0.59 
0.66 
0.73 


0.2 
0.6 

0.10 
0.14 


Answer Key 
A 04 С 0.5 
р оп D 012 
р 918 B 0.19 
А 0.25 С 0.56 
р 932 B 0.33 
C Q39 C Q.40 
D 946 D 047 
D Q5 B Q.54 
B 960 А 061 
D 967 А 0.68 
В 0.74 В 0.75 


Ар 
А 
A,B,C 


Q3 
Q.7 

011 
0.15 


CD 
BD 
B,C 
AD 


соосоо>оосоо>о> 


>сосососооо>о>о 


0.7 

0.14 
0.21 
0.28 
0.35 
0.42 
0.49 
0.56 
0.63 
0.70 
0.77 


сӘоооооо>о>ос 
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KEY CONCEPTS 
THINGS TO REMEMBER : 


ds dv dv 
А = — ; а----у-- ; s= (уйі; у= Jadt ; — = lad 
1 аа) УЕ) рва 
where the symbols have their usual meaning . 
2; The equations of motion for а body moving in straight line with uniform acceleration, are 
: at? s ek 
(i) v=utat (ii) s= (24%) r= ot ve (Ш) v?=u?+2as 








X 2 2 2 


() s,=u+>aQn-l) (у) s- (25) 


3. Ifa body is thrown vertically up with a velocity u in the uniform gravitational field then (neglecting air 
resistance) : ғ 
(i) Maximum height attained H = = (ii) Time of ascent = time of descent = — 


(iii) Total time of flight == = (iv) Velocity of fall at the point of projection = u downwards 


4. KINEMATIC GRAPH: 
Slope of the displacement time graph at any particular time gives the magnitude of the instantaneous 
velocity at that particular time. 
Slope of the v-t graph will give the magnitude of the instantaneous acceleration. 
The area between the v-t graph, the time axis and the ordinates erected at the 
beginning & end.oftime interval considered will represent the total displacement of the body. 


5. RELATIVE VELOCITY: 
(a) Velocity of ‘A’ relative to “В? is givenby V аба =V A za. 
jm refers to the velocity which ‘A’ appears to have as seen by B. The above idea of 1 
dimensional relative motion can be extended to motion in 2 dimensions. 
(b) Angular velocity of A relative to B i.e. @,, is given by 
velocityof ArelativetoBinadirection perpendicularto AB 
о = —Й 00 
АВ АВ 
6. LEVEL GROUND PROJECTILE MOTION: 
When a body is thrown obliquely (ina vertical plane) into the uniform gravitational field then the trajectory 
(actual path of motion) is a parabola. The horizontal component of velocity ucoso remains unchanged 
where as vertical component decreases up to the maximum height and then increases . 









(a) Time taken to reach the height point t, == 1519 
ght p 
(b) Maximum height Н- т = velocity) 
2n € in сү А 
-(c) Total time of flight = А 
Д X 
1 2 ) 2т2а 109050 
(d) Horizontal гапре = (исоѕа).Т = z (ucoso) (usina) = M [Figure lj 


2 


(e) R „==> if a=45° 


5 


Note that for a given velocity of projection & a given horizontal range there are in general two directions of 
projection which are complement of each other and are equally inclined to the direction of the maximum range. 
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(f) VELociry & Direction Or Motion АТА GIVEN TIME : 
Усоѕ9 =ucosa Squaring & adding these 2 equations we will get the velocity of the 
projectile. Dividing the velocities in y and x directions gives the direction of 


Vsin8 =usina—gt | 
motion. 


(в) VELocirv & Direction Or Motion Ат А GIVEN HEIGHT В: 


ОО 7422,4 
АТ A; ae Е on adding У?=и?—2рһ 
V^sin^g0 -u^sin^a-2gh | 


(h) Equations Or Motion IN VECTOR NOTATION : 
= Es dues 
(i) V=u+gt (ii) 5-шы gr (üi) V,, gr ee ( V,, = average velocity vector) 
(i) Equation OF TRAJECTORY : 


2 
Oblique Projection (refer fig-1) у = xtana — Е =xtana x 
2u^cos/a , R 


d 
Note that d represent the direction of motion . 


7. PROJECTILE UP AN INCLINED PLANE: 
(a) Total time of flight on the inclined plane 





T- 2u sin (a—f) 
g cos 

(b) Range PQ onthe inclined plane 

PQ = 2w E Үл SU toa В) р) 

cos В gcos‘ В 

(с) For Maxmimum range 2a — В = = As a= = rd 

Hence the direction for maximum Sie bisects the angle between the vertical and the inclined 

plane. 

2 
O == 
mx g(1+sinB) 


(e) Greatest distance of the projectile from the inclined plane ; 


и? sin? (a — 
= Е when the projectile is at H, its velocity perpendicular to ће plane is zero . 


8. PROJECTILE DOWN AN INCLINED PLANE: 


(a) Time of flight = 299 (9+3) 
gcosp % 


u 


(D Range OP= 29° sin(a +p). созо 


g сов“ В Р 
2 
(с) Maximum range = [ы ш, 
g (I-sinp) 
(d) Angle of projection a for maximum range = 2 - р 
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0.9 


0.10 


оп 


EXERCISE — I 
A butterfly is flying with velocity 101+12 j m/s and wind is blowingalongxaxis $ 


with velocity u. If butterfly starts motion from A and after some time reaches B 
point B, find the value of u. кй 


Find the change in velocity of the tip of the minute hand (radius = 10 cm) ofa clock in 45 minutes. 


А, B & Care three objects each moving with constant velocity. A's speed is 10 m/sec ina direction PQ З 
The velocity of B relative to A is 6 m/sec at an angle of, cos“! (15/24) to PQ . The velocity of C relative 
to Bis 12 m/sec ina direction QP , then find the magnitude of the velocity of C. 


Rain is falling vertically with a speed of 20 ms" relative to air. A person is running in the rain with a 
velocity of 5 ms"! and a wind is also blowing with a speed of 15 ms“! (both towards east). Find the angle 
with the vertical at which the person should hold his umbrella so that he may not get drenched. 


The velocity-time graph of the particle moving along a straight line is shown. The қ. 
rate of acceleration and deceleration is constant and it is equal to 5 ms”. Ifthe Е 
average velocity during the motion is 20 ms“, then find the value oft. 


9 1 25 зес 


The fig. shows the v-t graph ofa particle moving in straight line. Find the time when particle returns 
to the starting point. y 
20 


A particle is projected in the X-Y plane. 2 sec after projection the velocity ofthe particle makes an 
angle 45° with the X - axis. 4 sec after projection, it moves horizontally. Find the velocity of 
projection (use. р = 10 0152). 


A small ball rolls off the top landing of a staircase. It strikes the mid point of the first step and then 
mid point of the second step. The steps are smooth & identical in height & width. Find the coefficient 
of restitution between the ball & the first step. | 


А stone is dropped from a height h . Simultaneously another stone is thrown up from the ground 
with such a velocity that it can reach a height of 4h. Find the time when two stones cross each other. 


A particle is projected upwards with a velocity of 100 m/sec at an angle of 60° with the vertical. Find the 
time when the particle will move perpendicular to its initial direction, taking g=10 m/sec’. 


A particle is moving опа straight line. Its displacement from the initial position 
is plotted against time in the graph shown. What will be the velocity of the 
particle at 2/3 sec? Assume the graph to be a sine curve. 


cisplacemen: 
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0.13 


0.14 


0.15 


0.16 


0.17 


0.18 


0.19 


0.20 


С.21 


0.22 


A large number of bullets are fired in all direction with the same speed v. What is the maximum area оп 
ground on which these bullets can spread? 


A boat starts from rest from one end ofa bank ofa river of width d flowing with velocity u. The boat is 
steered with constant acceleration a in a direction perpendicular to the bank. If point of start is origin, 
direction of bank is x axis and perpendicular to bank is y axis. Find the equation of trajectory of the boat . 


A ball is thrown horizontally from a cliff such that it strikes ground after 5 sec. 
The line of sight from the point of projection to the point of hitting makes an 
angle of 37? with the horizontal. What is the initial velocity of projection. 


A ball is projected on smooth inclined plane in direction perpendicular 
to line of greatest slope with velocity of 8m/s. Find it's speed after 1 sec. 


A glass wind screen whose inclination with the vertical can be changed, 
is mounted ona cart as shown in figure. The cart moves uniformly along 
the horizontal path with a speed of 6 m/s. At what maximum angle a to 
the vertical can the wind screen be placed so that the rain drops falling 
vertically downwards with velocity 2 m/s, do not enter the cart? 


A particle is projected from point P with velocity 5./2 m/s perpendicular 


to the surface of a hollow right angle cone whose axis is vertical. It collides 
at Q normally. Find the time of the flight of the particle. 





Find range of projectile on the inclined plane which is projected perpendicular 
to the incline plane with velocity 20m/s as shown in figure. 


AB and CD are two smooth parallel walls. А child rolls a ball along ground ү Pe—X-—=1 
from A towards point P find PD so that ball reaches point B after striking 1 


the wall CD. Given coefficient of restitution е= 0.5 A B 


«— 1.5 m ——= 


Initial acceleration ofa particle moving in a straight line is a, and initial velocity is zero. The acceleration 
reduces continuously to half in every t, seconds as a= a . Find the terminal velocity of the particle. 
paa 
to 
Find the acceleration of movable pulley P and block B if 
acceleration of block A= 1 m/s? Y. 





The velocities of A and B are marked in the figure. Find the velocity of 


block C (assume that the pulleys are ideal and string inextensible). Inys B 
A 
7771711711117777777777 
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Q.23 


Q.24 


Q.25 


Q.26 


Qua 


Q.28 


A particle is moving in x-y plane such that x =t + sin(t) meter , y = cos (t) meter. t is the time in sec. Find 
the length of the path taken by the particle from {= 0 to t= 27 sec. 


The speed of a particle when it is at its greatest height 12/5 is of its speed when it is at its half the 


maximum height. The angle of projection is and the velocity vector angle at half the maximum 
height is 4 


A weightless inextensible rope on a stationary wedge forming angle a with the 
horizontal. One end of the rope is fixed to the wall at point A. A small load is 
attached to the rope at point B. The wedge starts moving to the right with a constant 
acceleration. Determine the acceleration a, ofthe load when itis still on the wedge. 





The horizontal range ofa projectiles is R and the maximum height attained by it is H. A strong wind 
now begins to blow in the direction of motion ofthe projectile, giving it a constant horizontal 
acceleration = g/2. Under the same conditions of projection, find the horizontal range of the projectile. 


Consider the acceleration of a particle for a given time + at'a' m/s? followed immediately by retardation 
at the same rate of 'a' m/s? for time 't/2', as one cycle. If the particle started from rest, find the distance 
travelled by it after 'n' such cycles in succession. 


A particle is thrown horizontally with relative velocity 10 m/s from an inclined | quet 
plane, which is also moving with acceleration 10 m/s? vertically upward. Find loms 
the time after which it lands on the plane (р = 10 m/s?) 230° 
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Q.8 
(a) 
(b) 


Q.9 


Q.10 


Q.11 


G) 
@) 
@) 


EXERCISE - II 


A steel ball bearing is released from the roof ofa building. An observer standing in front ofa window 
120 cm high observes that the ball takes 0.125 sec to fall from top to the bottom of the window . The 
ball continutes to fall & makes a completely elastic collision with side walk & reappears at the bottom 
of the window 2 s after passing it on the way down. How tall is the building ? 


A train takes 2 minutes to acquire its full speed 60kmph from rest and 1 minute to come to rest from the 
full speed. If somewhere in between two stations 1 km of the track be under repair and the limited speed 
on this part be fixed to 20kmph, find the late running of the train on account of this repair work, assuming 
otherwise normal at running of the train between the stations. 


A speeder in an automobile passes a stationary policeman who is hiding behind a bill board witha motorcycle. 
After a 2.0 sec delay (reaction time) the policeman accelerates to his maximum speed of 150 km/hr in 
12 sec and catches the speeder 1.5 km beyond the billboard. Find the speed of speeder in km/hr. 


Aballoon is ascending vertically with an acceleration of 0.2m/s*. Two stones are dropped from itat an interval 
of 2 sec. Find the distance between them 1.5 sec after the second stone is released.(use g-9.8m/s?) 


A ship steaming north at the rate of 12 km/h observes a ship due east to itself and distant 10 km, which 
steaming due west at the rate of 16 km/h. After what time they are at least distance from one another and 
what is this least distance. 


Anaeroplane is observed by two persons travelling at 60 km/hr in two vehicles moving in opposite 
directions ona straight road. To an observer in one vehicle the plane appears to cross the road track at 
right angles while to the observer in the other vehicle the angle appears to be 45°. At what angle does the 
plane actually cross the road track and what is its speed relative to the ground. 


A girl can paddle her canoe at 5m/sec. in still water. She wishes to cross a straight river which is flowing 
at 3m/sec. At what angle to the river bank should she steer to cross. (a) as quickly as possible. (b) by 


the shortest route. 


How long willaplane take to fly around a square with side a with the wind blowing ata velocity u, in the two cases 
the direction of the wind coincides with one of the sides 
the direction of the wind coincides with one diagonal of the square. The velocity of the plane in still air is v> u. 


Two ships A and B originally at a distance d from each other depart at the same time froma straight 
coastline. Ship A moves along a straight line perpendicular to the shore while ship B constantly heads for 
ship A, having at each moment the same speed as the latter. After a sufficiently great interval of time the 
second ship will obviously follow the first one at a certain distance. Find the distance. 


The slopes of the wind-screen of two motorcars are p, 30° and В, = 15° respectively. The first car is 
travelling with a velocity of v, horizontally. The second car is travelling with a velocity у, in the same 
direction. The hail stones are falling vertically. Both the drivers observe that the hail stones rebound 
vertically after elastic collision with the wind-screen. Find the ratio of v,/v,. 


A rocket is launched at an angle 53° to the horizontal with an initial speed of 100 ms"! . It moves along 
its initial line of motion with an acceleration of 30 ms? for 3 seconds. Atthis time its engine falls & the 
rocket proceeds like a free body. Find : 

the maximum altitude reached by the rocket 

total time of flight . 

the horizontal range. | [sin 53%- 4/5] 
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0.19 
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A small ball is thrown between two vertical walls such that in the absence of 
the wall its range would have been 5d. The angle of projection is «. Given that 
all the collisions are perfectly elastic, find 

Maximum height attained by the ball. 
Total number of collisions before the ball comes back to the ground, and gem 
Point at which the ball falls finally. The walts are supposed to be very tall. ЕР 





A hunter is riding an elephant of height 4m moving in straight line with uniform speed of 2m/sec. A deer 
running with a speed V in front at a distance of 45m moving perpendicular to the direction of motion of 
the elephant. If hunter can throw his spear with a speed of 10m/sec. relative to the elephant, then at what 
angle Ө to it’s direction of motion must he throw his spear horizontally for a successful hit. Find also the 
speed ‘V’ of the deer. 


A perfectly elastic ball is thrown from the foot of a smooth plane inclined at an angle a to the horizontal. 
If after striking the plane at a distance / from the point of projection, it rebounds and retraces its former 


А E | gl (1 -3sin? а) 
path, show that the velocity of projection is ie ы. 


A particle is projected from the foot ofan inclined plane at an angle о in the vertical plane through the line 
of greatest slope & hits the plane at right angles . If D be the angle the direction of projection makes with 
the plane & ifthe particle returns to the point of projection in two jumps, find the value ofthe coefficient 
ofrestitution. 


A projectile is to be thrown horizontally from the top ofa wall of height 1.7 m. Calculate the initial 
velocity of projection ifit hits perpendicularly an incline of angle 37? which starts from the ground at the 
bottom ofthe wall. The line of greatest slope of incline lies in the plane of motion of projectile. 


Two inclined planes OA and OB having inclination (with horizontal) 30? 
and 60? respectively, intersect each other at O as shown in fig. A particle is 
projected from point P with velocity и = 104/3 m 57! along a direction 
perpendicular to plane OA. Ifthe particle strikes plane OB perpendicularly 
at Q, calculate 

velocity with which particle strikes the plane OB, 

time of flight, 

vertical height h of P from O, 

maximum height from O attained by the particle and 

distance PQ 





A particle is projected with a velocity 2 J ag so that itjust clears two walls of equal height 'a' which are 
at a distance '2а' apart. Show that the time of passing between the walls is 2 ./a/g . 


А stone is projected from the point of a ground in such a direction so as to hit a bird on the top of a 
telegraph post of height h and then attain the maximum height 2h above the ground. If at the instant of 
projection, the bird were to fly away horizontally with a uniform speed, find the ratio between the 
horizontal velocities of the bird and the stone, if the stone still hits the bird while descending. 


Two persons Ram and Shyam are throwing ball at each other as shown 
inthe figure. The maximum horizontal distance from the building where 
Ram can stand and still throw a ball at Shyam is d,. The maximum 
horizontal distance of Ram from the building where Shyam can throw a 


Shyam pus 
ball is 4,. If both of them can throw ball with a velocity of ./2gk , find : M | Run 


the ratio of d,/d,. Neglect the height of each person. 
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EXERCISE # Ш 





: ) ; 7 
Q.1 Тһе motion of a body is given by ће equation в = = 6.0 —3 v(t) ; where v (t) is the speed in 


m/s & t in sec., if the body has v = 0 at t=0 then 

(A) the terminal speed is 2.0 m/s 

(B) the magnitude of the initial acceleration is 6.0 m/s? 

(C) the speed varies with time as v(t) = 2(1 е) m/s 

(D) the speed is 1.0 m/s when the acceleration is half the initial value. [JEE 71995] 


Q.2 Two guns, situated at the top of a hill of height 10 m, fire one shot each with the same speed 
5/3 m/satsome interval of time. One gun fires horizontally and other fires upwards at an angle of 60° 
with the horizontal. The shots collide in air at a point P. Find 

(a) the time interval between the firings, and 
(b) the coordinates of the point P. Take origin of the coordinates system at the foot of the hill right below the 
muzzle and trajectories in X-Y plane. [JEE'1996] 


0.3  Thetrajectory ofa projectile in a vertical plane is y = ax —bx?, where a, b are constants & x and y are 
respectively the horizontal & vertical distances ofthe projectile from the point of projection . The maximum 
height attained is & the angle of projection from the horizontal is % [ЈЕЕ '1997] 


Q.4 А large heavy box is sliding without friction down а smooth plane of 
inclination Ө. From a point P on the bottom of a box, a particle is projected 


inside the box. The'initial speed ofthe particle with respect to box is u YQ 
and the direction of projection mates an angle œ with the bottom as rd 
shown in figure. 219 


(а) Find the distance along the bottom of the box between the point of projection P and the point Q where 
the particle lands. (Assume that the particle does not hit, any other surface of the box. Neglect air 
resistance). y 

(b). Ifthe horizontal displacement of the НЕ as seen by an обама ‘on the ground is zero, find the speed 
of the box with respect to the ground at the instant when the particle was projected. — [JEE'1998] 


0.5 А particle of mass 10? kg is moving slong the positive x-axis under the influence of a force 


F(x)= E where К = 10-2? N m?.Attimet- 0 it is atx - 1.0 m & its velocity is v 20. Find: 


2x 
(i) its velocity when it reaches x = 0.50 m 
(ii) the time at which it reaches x = 0.25 m. [JEE 1998) 
0.6  Inl.Osec.a particle goes from point Ato point B moving ina semicircle ofradius 1.0m. A 
The magnitude ofaverage velocity is : [JEE '99] 
(A) 3.14 m/sec (B) 2.0 m/sec Іт 
(С) 1.0 т/ѕес (D) zero BI. 


0.7 The co-ordinates of a particle moving in а plane are given by x (t) = а cos (nt) and y (t) = sin(nt) 
where a, b (<a) & л are positive constants of appropriate dimensions. 
(A) the path ofthe particle is an ellipse 
(B) the velocity & acceleration of the particle are normal to each other at t = 7/(2л) 
(C) the acceleration of the particle is always directed towards a focus 
(D) the distance travelled by the particle in time interval t=0 ot=7/(27)is а. [JEE 1999) 
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A ball is dropped vertically from a height d above the ground it hits the ground and bounces up vertically 
to a height d/2. Neglecting subsequent motion and air resistances, its velocity v varies with the height Л 
above the ground as [JEE'2000 (Scr)] 


2 d zh 7 
А) (В) lr (С) (D) 


An object А is kept fixed at the point = 3 m andy = 1.25 mona 
plank P raised above the ground. At time t — 0 the plank starts 
moving along the + x direction with an acceleration 1.5 m/s?. At the 
same instant a stone is projected from the origin with a velocity u as 
shown. À stationary person on the ground observes the stone hitting 
the object during its downward motion at an angle of 45? to the 
horizontal. All the motions are in x-y plane. Find u and the time after 
which the stone hits the object. Take g = 10 m/s?. [JEE 2000] 





Onafrictionless horizontal surface, assumed to be the x-y plane, a small trolley 
A is moving along a straight line parallel to the y-axis (see figure) with a constant 


velocity of (./3 — 1) m/s. At a particular instant, when the line OA makes an 


angle of 45? with the x-axis, a ball is thrown along the surface from the origin 
О. Its velocity makes an angle ф with the x-axis and it hits the trolley. 
The motion ofthe ball is observed from the frame of trolley. Calculate the angle 9 made by the velocity 
vector of the ball with the x-axis in this frame. 





Find the speed ofthe ball with respect to the surface, 1f ф- = А [ЈЕЕ 2002] 
A particle starts from rest. Its acceleration (a) versus time (t) is as shown wá 
in the figure. The maximum speed ofthe particle will be 10m/s2 
[JEE' 2004 (Scr)] 
(A) 110 m/s (B)55 m/s (C) 550 m/s (D) 660 m/s H9 


A small block slides without friction down an inclined plane starting from rest. Let Sn be the distance 








S 
travelled from timet=n- 1 to t- n. Then 5 іѕ ^. [JEE'2004 (Scr)] 
2n +1 2n- 
(B) 2n-1 © 2п+1 © = T 








The Kom displacement graph ofa particle moving along a straight line is shown. 
The most suitable acceleration-displacement graph will be 





[JEE' 2005 (Scr)] 
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ANSWER KEY 





EXERCISE # 1 
1/2 
ОЛ  6m/s 0.2 x cm/min 0.3 5m/sec 
0.4 tan Қ1/2) 0.5 5s 0.6 36.2 sec. 0.7 20/5 
8 34 | 2 10 20 aum 
Q. Q.9 8g Q. sec Q. 4 
пу ах? 
012 75 0.13 y=> 7 014 1003ms 0415 10ш/ 
0.16 2tan (1/3) Q.17 1sec Q.18 75m 0.19 т 
aet 
Q.20 in) 021 а= 1 1/52 4, ap =2 m/s? 1 0.22 5m/s 
0.23 8m 0.24 60°, tan" (3/2 0.25 ?2авіп(а/2) 
26 В+2Н ә 190442 3; 
0. 0. 8 О. == sec 
EXERCISE # II 
Q1 205m Q.2  160sec 0.3  1227km/hr 
Q4 50m Q.5 24min, 6km 0.6 O0-tan/2,v- 134.16 km/h 


0.7 (а) 90%, (b) 127° to the river flow 





dal v «Jv -u?) TE i v? —u 2 d 
0.8 а; 0.9 = 
© в v?-u' 
Q.10 3 ОЛІ (i) 1503.2 m (ii) 35.54 sec (iii) 3970.56 m 
0.12 (a) 5d/4 tana, (b) 9, (c) point О 
0.13 02379, v=6m/s Q.15 e= 51 
Q.16 u=3m/s Q.17 (a) 10 ms“, (b) 2 sec, (c) 5 m, (d) 16.25 m, (e) 20m 
19 Е 20 КоВ 
2 J2:4 Q. k+h 
EXERCISE # Ш 
0.1 A,B,C,D Q.2 (a)l вес, (D) (5./3 m, 5m) 0.3 Ж , tana 
и? sin2a B. ucos(a + Ө) > ^ TUNIS 43 
04 в 35040 ‚(Бу ELA NE Q5 ()vVv--lim/ (it = d 
Q.6 07 А,В 
0.8 А 0.9 u=7.29 m/s, {= 1 sec 0.10 (а) 45°, (b) 2 m/sec 
0.1 В 0.12 С 0.13 В 
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Time Limit : 2 Sitting Each of 60 minutes. duration approx. 





QUESTION ON KINEMATICS 


There are 54 questions in this question bank. 
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0.7 


А particle is moving along а curve. Then 

(A) if its speed is constant it has no acceleration 

(B) if its speed is increasing the acceleration of the particle is along its direction of motion 
(C) if its speed is constant the magnitude of its acceleration is proportional to its curvature. 
(D) the direction of its acceleration cannot be along the tangent. 


A boat having a speed of 5 km/hr. in still water, crosses a river of width 1 km along the 
shortest possible path in 15 minutes. The speed of the river in Km/hr. 


(A) 1 (B)3 | (C) 4 (D) /41 


A block is thrown with a velocity of 2 ms”! (relative to ground) on a belt, which is moving with 
velocity 4 115! in opposite direction of the initial velocity of block. If the block stops slipping on 
the belt after 4 sec of the throwing then choose the correct statements (s) 

(A) Displacement with respect to ground is zero after 2.66 and displacement with respect to 
ground is 12 m after 4 sec. 

(В) Displacement with respect to ground in 4 sec is 4 т. 

(C) Displacement with respect to belt in 4 sec is — 12 m. 

(D) Displacement with respect to ground is zero in 8/3 sec. 


A particle has initial velocity 10 m/s. It moves due to constant retarding force along 
the line of velocity which produces a retardation of 5 m/s?. Then 

(A) the maximum displacement in the direction of initial velocity is 10 m 

(B) the distance travelled in first 3 seconds is 7.5 m 

(C) the distance travelled in first 3 seconds is 12.5 m 

(D) the distance travelled in first 3 seconds is 17.5 т. * 


The displacement x of a particle depend on time t as x = at? - pt 
а 
(A) particle will return to its starting point after time —. 


B 
A 39 
(B) the particle will come to rest after time 3p 


(C) the initial velocity of the particle was zero but its initial acceleration was not zero. 


3p 

A ball is thrown from a point on ground at some angle of projection. At the same time a bird starts 
from a point directly above this point of projection at a height h horizontally with speed u. Given 
that in its flight ball just touches the bird at one point. Find the distance on ground where ball strikes 


h 2h 2h h 
(A) x (B)u E (C) 2u y y (D) u E 


If position time graph of a particle is sine curve as shown, 
what will be its velocity-time graph. 


(A) Roa mtr ote oA 


(D) no net force act on the particle at time 


xf 
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0.8 A truck starting from rest moves with an acceleration of 5 m/s? for 1 sec and 
then moves with constant velocity. The velocity w.r.t ground v/s time 
graph for block in truck is ( Assume that block does not fall off the truck) 


зи]. s 953 ЖЕ 
(А) | (В) TA (С) (D)None of these. өте att, 


1 sec 4.9 е 





Q.9  Ifangular velocity of a disc depends an angle rotated 0 as œ = 0? 20, then its angular acceleration 
a at0- 1 rad is: 
(A) 8 rad/sec? (B) 10 rad/sec? (С) 12 гад/зес? `' (р) None 


0.10 Two particles start simultaneously from the same point and move along two straight lines, one 
with uniform velocity v and other with a uniform acceleration a. If & is the angle between the lines 
of motion of two particles then the least value of relative velocity will be at time given by 
(A) (v/a) sin о. (В) (v/a) cos a (C) (v/a) tan a (D) (v/a) cot a. 


0.11 Ifa particle takes t second less and acquires a velocity of v ms"! more in falling through the same 
distance (starting from rest) on two planets where the accelerations due to gravity are 2 g and 8 g 


respectively then: 
(A) v = 2gt (B) v = 4gt 
(C) v 7 5 gt (D) v= 16 gt 


Q.12 At a given instant, A is moving with velocity of 5m/s 
upwards. What is velocity of B at that time : 
(A) 15 m/s $ 22 (B)15m/st 
(C) 5 m/s Y (D) 5 m/s f 





Q.13 It takes one minute for a passenger standing on an escalator to reach „ис top. If the escalator does 
not move it takes him 3 minute to walk ир. How long will it take fo. .пе passenger to arrive at the 
top if he walks up the moving escalator ? 

(A) 30 sec (B) 45 sec (C) 40 sec (D) 35 sec 


Q.14 The co-ordinates of a moving particle at a time t, are give by, | 
х = 5 sin 101, y 5 cos 10t. The speed of the particle is : 
(A) 25 (B) 50 (C) 10 (D) Nonc 


Q.15 Tangential acceleration ofa particle moving in a circle of radius 1 m varies 
with time t as (initial velocity of particle is zero). Time after which total 
acceleration oi particle makes and arg. of 30? with radial acceleration is | 
(А) 4 sec (В) 4/3 зес 


(С) 25 sec | (D) y2 sec time (sec) -> 





Q.16 A particle is projected from a horizontal plane (x-z plane) such that its velocity vector at time tis given by 


V =ai+(b-—ct)j- Its range on the horizontal plane is given by 


ba 2ba 3ba 
(А) — в) = Or (D) None 
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Q.17 


Q.18 


Q.19 


Q.20 


Q21 


0.22 


0.23 


0.24 


0.25 


v-t graph of an object of mass 1 kg is shown v (m/s) 
(A) net work done on the object in 30 sec is zero. 20% 

(В) the average acceleration of the object is zero. Dy 

(C) the average velocity of the object is zero. 10 20 30 t(sec) 
(D) the average force on the object is zero. 


A projectile of mass 1 kg is projected with a velocity of 4/20 m/s such that it strikes on the 


same level as the point of projection at a distance of 4/3 m. Which of the following options 
are incorrect: 
(A) the maximum height reached by the projectile can be 0.25 m. 


(B) the minimum velocity during its motion can be 4/15 m/s 


m 


(C) the minimum time taken for the flight can be ds sec. 


(D) maximum potential energy during its motion can be 6J. 


Velocity-time graph for a car is semicircle as shown here. Which of 
the following is correct : L/s |-> 

(A) Car must move in circular path. 

(B) Acceleration of car is never zero. 2 sec 
(C) Mean speed of the particle is 1/2 m/s. 

(D) The car makes a turn once during its motion. 


A ball is projected from top of a tower with a velocity of 5 m/s at an angle of 53° to horizontal. Its 
speed when it is at a height of 0.45 m from the point of projection is : 
(A) 2 m/s (B) 3 m/s (C) 4 m/s '' (D) data insufficient. 


A particle moves along a straight line in such a way that it's acceleration is increasing at the rate of 
2 m/s?. It's initial acceleration and velocity were 0, the distance.covered by it in t = 3 second is. 
(А) 27 т (В) 9 m (С) 3 т, (0) 1m 


A flag is mounted оп а саг moving due North with velocity of 20 km/hr. Strong winds are blowin; 
due East with velocity of 20 km/hr. The flag will point in direction 
(A) East (B) North - East (C) South - East (D) South - West 


A ball is thrown vertically down with velocity of 5m/s. With what velocity should another ball be 
thrown down after 2 seconds so that it can hit the 15t ball in 2 seconds 
(A) 40 m/s (B) 55 m/s (C) 15 m/s .(D) 25 m/s 


A man is crossing a river flowing with velocity of 5 m/s. He reaches a point B 
directly across at a distance of 60 m in 5 sec. His velocity in still water shouldbe V =5m/s | 60m 
(A) 12 m/s (B) 13 m/s 


A 
(C) 5 m/s (D) 10 m/s 


Average velocity of a particle is projectile motion between its starting point and the highest point of its 
trajectory is : (projection speed =u, angle of projection from horizontal= Ө) 


(A) и соз (в) уУ1+3сб°0 (с) 5 V2+e0s78 (D) ео 
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Q.26 


0.27 


0.28 


0.29 


0.30 


0.32 


0.33 


Find time of flight of projectile thrown horizontally with speed 50 ms“ from a long inclined plane 
which makes an angle of 0 = 45° from horizontal. 


(A) 10/2 sec (В) 20,2 sec (C) 10 sec (D) 5-/2 sec 


Particle is dropped from the height of 20m from horizontal ground. There is wind blowing 
due to which horizontal acceleration of the particle becomes 6 ms". Find the horizontal 
displacement of the particle till it reaches ground. 

(A) 6m (B) 10m (С) 12m (D) 24 m 


A ball is dropped from height 5m. The time after which ball stops rebounding if coefficient of 
restitution between ball and ground e = 1/2, is 
(A) 1 sec (B) 2 sec (C) 3 sec (D) infinite 


A ball is hit by a batsman at an angle of 37? as shown in figure. The 

man standing at P should run at what minimum velocity so that he u-15ms-! 
catches the ball before it strikes the ground. Assume that height of 
man is negligible in comparison to maximum height of projectile. c 


(А) 3 ms"! | (В) 5 ms"! “on 
(C) 9 ms (D) 12 ms"! 


Find the velocity of the hanging block if the velocities of the free 
ends of the rope are as indicated in the figure. 

(A) 3/2 m/s T 

(B) 3/2 m/s 4 jns 
(C) 1/2 m/s 1 

(D) 1/2 m/s 4 Y 


2m/s 


A man swimming down stream overcome a float at a point M. After travelling distance D he 
turned back and passed the float at.a distance of D/2 from the point M, then the ratio of speed of 
swimmer with respect to still water to the speed of the river will be 

(A)2 (В) 3 (С) 4 (D) 2.5 


Choose the correct alternative (5) 

(A) If the greatest height to which a man can throw a stone is h, then the greatest horizontal 
distance upto which he can throw the stone is 2h: 

(B) The angle of projection for a projectile motion whose range R is n times the maximum height 
is tan”! (4/n) 

(C) The time of flight T and the horizontal range R of a projectile are connected by the equation 
ЕТ? = 2RtanO v. пеге 0 is the angle of projection. 

(D) A ball is thrown vertically up. Another ball is thrown at an angle 9 with the vertical. Both of them 
remain in air for the same period of time. Then the ratio of heights attained by the two balls 1 : 1. 


Acceleration versus velocity graph ofa particle moving ina straight line starting 
from rest is as shown in figure. The corresponding velocity-time graph 
would be 


(A) р (В) ^ (С) \ / (D) Ж 
| t t t 


ү 
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Q.34 


Q.35 


Q.36 


Q.37 


Q.38 


Q.39 


Q.40 


0.41 


0.42 


A particle is projected vertically upwards from a point A on the ground. It takes t, time to reach a point 
В but it still continues to move up. If it takes further t, time to reach the ground from point B then height 
of point B from the ground is 


1 
(А) saith)? Baty © saith) Ш) > eye 


Mark the correct statements for a particle going on a straight line 

(A) if the velocity is zero at any instant, the acceleration should also be zero at that instant 

(B) if the velocity is zero for a time interval, the acceleration is zero at any instant within the time 
interval 

(C) if the velocity and acceleration have opposite sign, the object is slowing down 

(D) if the position and velocity have opposite sign, the particle is moving towards the origin 


A projectile is fired with a speed и at an angle 0 with the horizontal. Its speed when its direction of 
motion makes an angle ‘о.’ with the horizontal is 
(A) u ѕесӨ cosa (В) u ѕесӨ sina. (С) и cos0 seca (D) м sin Ө seca 


Balls are thrown vertically upward in such a way that the next ball is thrown when the previous one 
is at the maximum height. If the maximum height is 5m, the number of balls thrown per minute will 
be | 

(А) 40 (В) 50 (С) 60 (D) 120 


A projectile is fired with a velocity at right angle to the slope which is inclined at an angle 0 with 
the horizontal. The expression for the range R along the incline is 


2 2 2 2 
(A) 2У sec (B) аха аар (С) 2V andað (D) ~tan?6 
g g g g 


A bead is free to slide down a smooth wire tightly stretched between points A and B on a vertical 
circle. If the bead starts from rest at A, the highest point on the circle 
(A) its velocity у on arriving at B is proportional to cos 

(В) its velocity v on arriving at B is proportional to tan 0 
(C) time to arrive at B is proportional to cos B 
(D) time to arrive at B is independent of 0 


қ 


The velocity- time graph of a body falling from rest under gravity and rebounding from a solid 
surface is represented by which of the following graphs? 


© 
(А) lo (В). Ne (С) Жа (р) Ex. 


A disc arranged in a vertical plane has two groves of same length directed 
along the vertical chord AB and CD as shown in the fig. The same particles slide 


down along AB and CD. The ratio of the time t, p/tep is 
(A)1:2 (В)1:./2 (С)2:1 (D) V2.1 





The magnitude of displacement of a particle moving in a circle of radius a with constant angular 
speed œ varies with time t as 


t : ot 
(A) 2asinot (B)2asin > (C) 2а cos ot (D) 2a cos — 
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Q.43 


0.44 


0.45 


0.46 


0.47 


0.48 


0.49 


0.50 


0.51 


А glass wind screen whose inclination with the vertical сап be changed is mounted on a car. The car 
moves horizontally with a speed of 2m/s. At what angle æ with the vertical should the wind screen be 
placed so that the rain drops falling vertically downwards with velocity 6 m/s strike the wind screen 
perpendicularly. 

(A) ta^! (3) (B) tan7'(1/3) (С) сов Қ3) (D) зи (1/3) 

A particle is projected vertically upwards from О with velocity у and a second particle is projected 
at the same instant from P (at a height h above О) with velocity у at an angle of projection 0. The 
time when the distance between them is minimum is 


h 
2усо50 








(А) (В) (С) Му (D) Һ/2у 


2у зїп Ө 
A body moves with velocity v = Zn x m/s where x is its position. The net force acting on body 


is zero at: 
(A) 0m (В) x =e? т (C)x=em (D)x=1m 


Wind is blowing in the north direction at speed of 2 m/s which causes the rain to fall at some angle 
with the vertical. With what velocity should a cyclist drive so that the rain appears vertical to him : 
(A) 2 m/s south (B) 2 m/s north (C) 4 m/s west (D) 4 m/s south 


A body A is thrown vertically upwards with such a velocity that it reaches a maximum height of h. 
Simultaneously another body В is dropped from height В. It strikes the ground and does not 
rebound. The velocity of A relative to B v/s time graph is best represented by : (upward direction 
is positive) 


| Ш Улв 
(А) Улв (В) VAB (С) ' AB | (D) Le 
t t қ 


A body of mass 1 kg is acted upon by a force F = 25іп Зліі + 3 соѕ 3nt j find its position at t= 1 sec if 
at t= 0 it is at rest at origin. 


eS се 22. 
(А) 3л2” On? (B) Зп? 3n? (©) 3n 3n? (D) TOES ва. 


A force F = Be“ acts on a particle whose mass is m and whose velocity is 0 at t = 0. It’s terminal 
velocity is : 


C B BC B 
(A) тв (B) тс (ae (D) - с 


А man moves in x-y plane along the path shown. At what point is 

his average velocity vector in the same direction as his instantaneous 
velocity vector. The man starts from point P. 

(A) А (B) B (OC (D) D 





У 


From the velocity time garph of a particle moving in straight line 
decide which of the following is incorrect statement . 

(A) the particle crosses its initial position 

(B) the speed of the particle increases continuously 

(С) the force on the particle is constant 

(D) the acceleration of the particle is constant. 


@ Bansal Classes Question Bank on Kinematics [7] 


Q.52 


Q.53 


Q.54 


0.1 

0.5 

0.9 

0.13 
0.17 
0.21 
0.25 
0.29 
0.33 
0.37 
0.41 
0.45 


0.49 


0.53 





If T is the total time of flight, h is the maximum height & R is the range for horizontal motion, the x & y 
co-ordinates of projectile motion and time t are related as : 


arafat въэ-а[(-® 


T T R R 
© y-a (E) (1-1) аута) (1-50 
A particle initially at rest is subjected to two forces . One is constant, the other is a retarding 
force proportional to the particle velocity . In the subsequent motion of the particle : 

(A) е acceleration will increase from zero to a constant value 

(B)  theacceleration will decrease from its initial value to zero 

(C) the velocity will increase from zero to maximum & then decrease 

(D) the velocity will increase from zero to a constant value. 


A ball is projected from ground with a velocity V at an angle 9 to the vertical. On its path it makes 
an elastic collison with a vertical wall and returns to ground. The total time of flight ofthe ball is 





2vsin® В) 2усов0 (С узіп 29 (D усозӨ 
5 g g g 
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KEY CONCEPTS 


1. А static charge produces only electric field and only electric field can exert a force on it 
A moving charge produces both electric field ans magnetic field and both electric field and magnetic field 
can exert force on it. 
A current carrying conductor produces only magnetic field and only magnetic field can exert a force on 
t. 


2; Magnetic charge (i.e. current) , produces a magnetic field . It can not produce electric field as net 
charge on a current carrying conductor is zero. A magnetic field is detected by its action on current 
carrying conductors (or moving charges) and magnetic needles (compass) needles. The vector quantity 


B known as MAGNETIC INDUCTION is introduced to characterise a magnetic field . It is a vector 
quantity which may be defined in terms of the force it produces on electric currents . Lines of 
magnetic induction may be drawn in the same way as lines of electric field . The number of lines per 
unit area crossing a small area perpendicular to the direction of the induction bring numerically equal 


to В. The number of lines of B crossing a given area is referred to as the MAGNETIC FLUX linked with 
that area. For this reason B is also called MAGNETIC FLUX DENSITY . 


3 MAGNETIC INDUCTION PRODUCED By A CURRENT (BIOT-SAVART LAW): 
The magnetic induction dB produced by an element d/ carrying a current I at a distance г 1s given by 


Idésin® 2 мои, Nd ext 


dB 
a m VE 
here the quantity 194 is called as current element strength. | ai 
и = permeability of the medium = цц, ц. = permeability of free space ap 


и, = relative permeability of the medium (Dimensionless quantity). 
Unit of uj & uis NA? or Hm!; ру = 47х 107 Hm! 





4 MAGNETIC ÍNDUCTION DUE TO A MOVING CHARGE 
Hogy sin Ө 
dB 
4nr* 
~ F 
> № a(vxr) =. 
, . dB- —9.3 À 
In vector form it can be written as 1 1 
4t r 
5. MAGNETIC INDUCTION DUE TO AN INIFINITE ST. CONDUCTOR 
_ Hol 
2nr 
6. MAGNETIC INDUCTION DUE TO SEMI INIFINITE ST. CONDUCTOR 
Hol 
В--- 
4тг 


MAGNETIC INDUCTION Dux To A CURRENT CARRYING STRAIGHT CONDUCTOR 


B= Hal (cos Ө, + cos®,) 
4лК j Y 


"m | - on A Kel 
Ifthe wire is very long Ө, = Ө, = 0? then. B= Em 
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8. MAGNETIC FIELD DUE То A FLAT CIRCULAR Соп, CARRYING A CURRENT : 


; Ho NI ; LM. 
(i) Atits сеппе B= Eom , direction (2 / N 
( ( )® | 
Where N = total number of turns in the coil \ / 
I= current in the coil ic, 


R= Radius of the coil 


x ; МЕ? 
(ii) Оп the axis B= Mu, 
2 4.292 
ax +R ) 
Where х = distance of the point from the centre . It is maximum at the centre . 
I 
9, MAGNETIC INDUCTION DUE TO FLAT CIRCULAR ARC xe. 773 
4nR SO 
10. МАСМЕТІС INDUCTION DUE TO SOLENOID сә 


В = ugnl, direction along axis. 
where n — no. of turns per m. 
I -> current 


11. MAGNETIC INDUCTION DUE то Токор 
B = unl 





N 
h = —— (no. of 
wheren о (по. of turns рег т) 


N = total turns R>>r 


12. MAGNETIC INDUCTION DUE TO CURRENT CARRYING SHEET 


where I = Linear current density (A/m) 


13. MAGNETIC INDUCTION DUE TO THICK SHEET 





Atpoint P, Bun” 
At point P, B 


14. MAGNETIZATION INTENSITY (Н) : 


The magnetic intensity (H) at any point in a magnetic field is defined as H — В , where 
u 


B = magnetic induction at the point j и = permeability of the medium 


15. | GirBERT's MAGNETISM (EARTH'S MAGNETIC FIELD) : 

(a) The line of earth's magnetic induction lies in a vetical plane coinciding with the magnetic North - 
South direction at that place. This plane is called the MAGNETIC MERIDIAN. Earth's magnetic axis is 
slightly inclined to the geometric axis of earth and this angle varies from 10.5? to 20°. The Earth's 
Magnetic poles are opposite to the geometric poles i.e. at earth's north pole, its magnetic south pole 15 
situated and vice versa. 
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16. 


17 


18. 


19. 


20. 


(b) On the magnetic meridian plane , the magnetic induction vector of the earth at any point, generally 


inclined to the horizontal at an angle called the MAGNETIC DIP at that place , such that B = total 
magnetic induction of the earth at that point. 
B, = the vertical component of B in the magnetic meridian plane = В ѕіпӨ . 
В, = the horizontal component of В in the magnetic meridian plane = B cos 0 . 
B, 
—=tand . 
Bu 
(c) At a given place on the surface ofthe earth , the magnetic meridian and the geographic meridian 
may not coincide. The angle between them is called "DECLINATION AT THAT PLACE" . 
(d) Lines drawn on earth at different places having same declination angle are called as "isogonic lines" and 
line of zero declination is called as "agonic lines". 
(e) Lines drawn on earth at different places having same dip angle are called as "isoclinic lines" and line of 
Zero dip is called as "aclinic lines". 
NEUTRAL PoINT IN SuPERPOSED MAGNETIC FIELDS : 
When more than one magnetic fields are suspended at a point and the vector sum of the magnetic 
inductions due to different fields , equal to zero , the point is a magnetic neutral point. 


AMPERES LAW } В.а/= рУ 


У І = algebric sum of all the currents . 


LORENTZ FORCE : 

An electric charge 'q' moving with a velocity V through a magnetic field of magnetic 
induction B experiences a force Е, given by F = qVxB . There fore, if the charge moves 
in a space where both electric and magnetic fields are superposed . 

F = nett electromagnetic force on the charge = q E+qVxB 

This force is called the LoRENTZ FORCE . 

MOTION OF A CHARGE IN UNIFORM MAGNETIC FIELD : 

(a) When v is|| to В: Motion will be та st. line and Е =0 

(b) When v is 1 to B : Motion will be in circular path with radius R = = and angular 


5 
velocity œ = — and Е = qvB. 
m 
(c) When v is at Z0 to B : Motion will be helical with radius В, = LÁ and pitch 
q 


Ри = 2тшу 6050 and F = qyBsing. 
qB 
MAGNETIC Force ON A STRAIGHT CURRENT CARRYING WIRE : 
Е-І(І,хВ) 
I= current іп the straight conductor 
L= length of the conductor in the direction of the current in it 
B= magnetic induction. (Uniform throughout the length of conduction) 


Note : In general force is Е = [I(d£ x B) 
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21. 


() 
i) 


22. 


23% 


24. 


25. 


26. 


NOTE: 


MAGNETIC INTERACTION FoRcE BETWEEN Two PARALLEL LONG STRAIGHT CURRENTS : 
When two long straight linear conductors are parallel and carry a current in each , they 
magnetically interact with each other , one experiences a force. This force is of : 
Repulsion if the currents are anti-parallel (i.e. in opposite direction) or 

Attraction if the currents are parallel (1.e. in the same direction) 


tin, LI. 


This force per unit length on either conductor is given by F = xls Where r — perpendicular 
distance between the parallel conductors 


Масхетіс ToRQUE Ом A CLosED CURRENT CIRCUIT : 
When a plane closed current circuit of 'N' turns and of area 'A' per turn carrying a current 
Lis placed in uniform magnetic field , it experience a zero nett force , but experience a 


torque given by 1 =NI A xB = MxB = BINAsin0 

When A = area vector outward from the face of the circuit where the current is anticlockwise, 
B= magnetic induction ofthe uniform magnetic feild. М = magnetic moment ofthe current 
circuit = INA | 

Note : This expression can be used only if В is uniform otherwise calculus will be used. 


MoviNG Соп, GALVANOMETER : 
It consists of a plane coil of many turns suspended in a radial magnetic feild. when a current 
is passed in the coil it experiences a torque which produces a twist in the suspension. This 





deflection is directly proportional to the torque .. МАВ = КӨ 
(ко 
І-(%лв/0 K = elastic torsional constant of the suspension 


F= C= Е = GALVANOMETER CONSTANT. 


КовсЕ EXPERIENCED By A МАСМЕТІС DIPOLE In A Non-UNIFORM MAGNETIC FIELD : 


MR 


a| Where M = Magnetic dipole moment. 


ЕГ = 








FORCE ON A RANDOM SHAPED CONDUCTOR IN MAGNETIC FIELD a \ 


Magnetic force on a loop in a uniform В is zero PO aa tay A 
Force experienced by a wire of any shape is equivalent to force on a wire 
joining points A & B in a uniform magnetic field . 


MAGNETIC MOMENT OF A ROTATING CHARGE: AN 
If a charge q is rotating at an angular velocity a, Же 


qo — |, 
its equivalent current is given as [=-— & its FN н 
j 5 2n м 


] 
magnetic moment is М = IxR? = — qoR?. 


The rate of magnetic moment to Angular momentum of a uniform rotating object which is charged 


M 
uniformly is always a constant. Irrespective of the shape of conductor с ы 
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0.2 


A 
Ld 


Q4 


Q.6 


Q7 


Q.10 


(928 


EXERCISE # I За 
Figure shows а straight wire of length / carrying а current 7. Find the 
magnitude of magnetic field produced by the current at point Р. i 





5 5 
Two circular coils A and B of radius r- ст and 5 cm respectively carry current 5 Amp апа” Ja Amp 
Vz 


respectively. The plane of B is perpendicular to plane of Aand their centres coincide. Find the magnetic 
field at the centre. 


Find the magnetic field at the centre P of square of side a shown in figure 





сылы,” 
What is the magnitude of magnetic field at the centre “О” of loop ofradius v2 т ac, a) 
made of uniform wire when a current of 1 amp enters in the loop and taken out of “=~ a E eo с 
it by two long wires as shown in the figure. im 
yo 


Find the magnetic induction at the origin in the figure shown. 





Find the magnetic induction at point O, ifthe current carrying 
wire is in the shape shown in the figure. 


Find the magnitude of the magnetic induction B ofa magnetic field generated 
by a system of thin conductors along which a current і is flowing at a 
point A (O, R. O), that is the centre ofa circular conductor of radius R. 
The ring is in yz plane. 





Two circular coils of wire each having a radius of 4cm and 10 turns have a common axis and are 6cm 
apart . Ifa current of 1 A passes through each coil in the opposite direction find the magnetic induction. 
At the centre of either coil ; 

At a point оп the axis, midway between them. 


Six wires of current I, = ІА, I, = 2А, І, = ЗА, I, = 1A, І, = 5A and | / 09): © \ 
I, = 4А cut the page perpendicularly at the points 1, 2, 3, 4, 5 and $ | © 4 ©: © : 
respectively as shown in the figure. Find the value of the integral $ ва! "^ 

NV NS J 


around the closed path. Nee 


Electric charge q is uniformly distributed over a rod of length /. The rod is placed parallel to along wire 
carrying a current i. The separation between the rod and the wire is a. Find the force needed to move the 
rod along its length with a uniform velocity v. 


An electron moving witha velocity 5 х 105ms- i inthe uniform electric field of 5 x 107 Vm ! } . Find 
the magnicude and direction of a minimum uniform magnetic field in tesla that will cause the electron to 
move undeviated along its original path. 
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0.42 A charged particle (charge q, mass m) has velocity v, at origin in +x direction. In space there is a uniform 
% magnetic field B in - z direction. Find the y coordinate of particle when is crosses y axis. 

О.13/ A conducting circular loop of radiusr carries a constant current i. It is placed in a uniform magnetic field 

zs Bo such that Bo is perpendicular to the plane of the loop. Find the magnetic force acting onthe loop is 

Q.1¥ А rectangular loop of wire is oriented with the left corner at the origin, one edge xc ds 

^ along X-axis and the other edge along Y-axis as shown in the figure. A magnetic 
field is into the page and has a magnitude that is given by В = ay where æ is Фв | 
contant. Find the total magnetic force onthe loop ifitcarriescurrenti, | —————— >X 

Q.15 Two coils each of 100 turns are held such that one lies in the vertical plane with their centres coinciding. 
The radius of the vertical coil is 20 cm and that of the horizontal coil is 30 ст. How would you neutralize 
the magnetic field of the earth at their common centre ? What is the current to be passed through each 
coil ? Horizontal component of earth's magnetic induction = 3.49 x 10? T and angle of dip =30°. 

Q.16 Find the ratio of magnetic field magnitudes at a distance 10 m along the axis and at 60° from the axis, 
from the centre ofa coil of radius 1 cm, carrying a current 1 amp. 

0.17 A particle of charge +q and mass m moving under the influence of a uniform electric field E i anda 
magnetic field B К enters inI quadrant оРа coordinate system at a point (0, a) with initial velocity v 1 
and leaves the quadrant at a point (2a, 0) with velocity - 2%). Find 

(a) Magnitude of electric field 

(b Rate of work done by the electric field at point (0, a) 

(c) Rate of work done by both the fields at (2a, 0). 

0.18 „А system of long four parallel conductors whose sections with the plane of the h 1 
drawing lie at the vertices of a square there flow four equal currents. The directions CY (УЛ 
of these currents are as follows : — < 
those marked & point away from the reader, while those marked with a dot © © 
point towards the reader. How is the vector of magnetic induction directed at 
the centre of the square? 

0.19  Acylindrical conductor ofradius R carries a current along its length . The current density J, however, it 
is not uniform over the cross section of the conductor but is a function of the radius according to J = br, 
where b is a constant. Find an expression for the magnetic field B. т -= - 

(а) ат, <В & (b)atdistance г, > В, mesured from the axis Flat: Ж 11 
U U 

0.20 A square current carrying loop made of thin wire and having a mass m 710g сап O* B 
rotate without friction with respect to the vertical axis OO, passing through the centre 
of the loop at right angles to two opposite sides of the loop. Theloopisplacedin | 
a homogeneous magnetic field with an induction B = 10: T directed at right angles 
to the plane of the drawing. A current I = 2A is flowing in the loop. Find the period 
of small oscillations that the loop performs about its position of stable equilibrium. О, 
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0.21 


0.22 


0.23 


0.24 


0.25 


Acharged particle having mass m and charge q is accelerated Бу a potential difference У, it flies through 
a uniform transverse magnetic field В. The field occupies a region of space d. Find the time interval for 
which it remains inside the magnetic field. 


A proton beam passes without deviation through a region of space where there are uniform transverse 
mutually perpendicular electric and magnetic field with E and B. Then the beam strikes a grounded 
target. Find the force imparted by the beam on the target if the beam current is equal to I. 


An infinitely long straight wire carries a conventional current I as shown in the 
figure. The rectangular loop carries a conventional current I' in the clockwise 
direction. Find the net force on the rectangular loop. 





Ап агс of a circular loop of radius R is kept in the horizontal plane and а 
constant magnetic field B is applied in the vertical direction as shown in the 
figure. If the arc carries current I then find the force on the arc. 





Two long straight parallel conductors are separated by a distance of г, = 5cm and carry currents 
i, 7 IOA &i, =20А. What work per unit length ofa conductor must be done to increase the separation 
between the conductors to r, = 10 cm if, currents flow in the same direction? 


List of recommended questions from LE. Irodov. 
3.220, 3.223, 3.224, 3.225, 3.226, 3.227, 3.228, 3.229, 3.230, 3.234, 3.236, 3.237, 3.242 3.243, 


3.244, 3.245, 3.251, 3.252, 3.253, 3.254, 3.257, 3.258, 3.269, 3.372, 3.373, 3.383, 3.384, 
3.386, 3.389, 3.390, 3.391, 3.396 
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01 


о2 


@ 
i) 


Q3 


Q4 


Q.5 


Q.6 


(a) 
(b) 


Q.7 


EXERCISE # II 


Three infinitely long conductors R, S and T are lyingin a horizontal plane as shown in the figure. The 
currents in the respective conductors are bb 


4 2 
I, = [sin (01475) 
I; = [sin (ot) 
2m 
= Isin (ot- — 
1. [sin ( 3 ) 


Find the amplitude of the vertical component of the magnetic field at a point P, distance а! away from 
the central conductor S. 


Four long wires each carrying current I as shown in the figure are placed ү 

at the points A, В, С апа D. Find the magnitude and direction of О(-аа)© | ӨА(а,а) 
magnetic field at the centre of the square. 
force per metre acting on wire at point D. 





C(-a,-a)© | 9 B(a.-a) | 


An infinite wire, placed along z-axis, has current I, in positive z-direction. A conducting rod placed їп ху plane 
parallel to y-axis has current I, in positive y-direction. The ends of the rod subtend + 30° and 
—60° at the origin with positive x-direction. The rod is at a distance a from the origin. Find net force on the rod. 


A square cardboard of side / and mass m is suspended from a horizontal axis XY as 
shown in figure. A single wire is wound along the periphery of board and carrying a 
clockwise current I. At t = 0, a vertical downward magnetic field of induction В is 
switched on. Find the minimum value of BB so that the board will be able to rotate up 
to horizontal level. 





А straight segment OC (of length L meter) of a circuit carrying a current 
I amp is placed along the x-axis. Two infinitely ling straight wires A and 
В ,each extending form z = — œ to + co, are fixed at y = — a metre and 
y = +a metre respectively, as shown in the figure. If the wires A and B 
each carry a current I amp into plane ofthe paper. Obtain the expression 
for the force acting on the segment OC. What will be the force OC if 
current in the wire B is reversed? 


A very long straight conductor has a circular cross-section of radius R and carries 
a current density J. Inside the conductor there is a cylindrical hole of radius a 
whose axis is parallel to the axis of the conductor and a distance b from it. Let the 
z-axis be the axis of the conductor, and let the axis of the hole be at x = b. Find the 
magnetic field 

on the = axis atx =2R 

on the у = axis at y= 2R. 





Q charge is uniformly distributed over the same surface of a right circular cone 
of semi-vertical angle Ө and height h. The cone is uniformly rotated about its axis 
at angular velocity о. Calculated associated magnetic dipole moment. 
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0.8 


(a) If a particle with charge +Q and mass m is placed at the centre Р 


(b) If an external uniform magnetic induction field В = Bj is applied, 


0.9 


0.10 


(а) 
(b) 
0.1 


0.12 
(а) 
(5) 
(с) 
(9) 
(е) 


А wire loop carrying current Iis placed in the X-Y plane as shown 
in the figure 


and given a velocity along NP (fig). Find its instantaneous acceleration 





find the torque acting on the loop due to the field. 


Along straight wire carries a current of 10 A directed along the negative 
y-axis as shown іп figure. A uniform magnetic field By of magnitude 107 T 
is directed parallel to the x-axis. What is the resultant magnetic field at the 
following points? 

(a)x=0, 2-2щ; (b)x=2m, 2-0; (c)x=0 , z=-0.5m 





Astationary, circular wall clock has a face with a radius of 15cm. Six turns of wire are wound around 
its perimeter, the wire carries a current 2.0 Ain the clockwise direction. The clock is located, where 
there is a constant , uniform external magnetic field of 70 mT (but the clock still keeps perfect time) 
at exactly 1:00 pm, the hour hand of the clock points in the direction of the external magnetic field 
After how many minutes will the minute hand point in the direction of the torque on the winding due 
to the magnetic field ? 

What is the magnitude of this torque. 


A U-shaped wire of mass m апа iength Zis immersed with its two ends 
in mercury (see figure). The wire is in a homogeneous field of magnetic 


induction В. Ifa charge, that is, a current pulse q= fidt , is sent through 





the wire, the wire will jump up. 
Calculate, from the height h that the wire reaches, the size of the charge or current pulse, assuming 
that the time of the current pulse is very small in comparision with the time of flight. Make use of the 


fact that impulse of force equals Í F dt which equals mv. Evaluate q for B = 0.1 Wb/m?, m= 10gm, 
£=20cm & h= 3 meters.[g = 10 m/s?] 


A current i, indicated by the crosses in fig. is established in a strip of copper 
of height h and width w. Auniform field of magnetic induction B is applied 
at right angles to the strip. 

Calculate the drift speed v, for the electrons. 

What are the magnitude and dirction of the magnetic force F acting on the 
electrons? 

What would the magnitude & direction of homogeneous electric field Е have 
to be in order to counter balance the effect of the magnetic field ? 

What is the voltage V necessary between two sides of the conductor in order to create this field E? 
Between which sides of the conductor would this voltage have to be applied ? 

If no electric field is applied form the outside the electrons will be pushed somewhat to one side & 
thereforce will give rise to a uniform electric field E,, across the conductor untill the force of this electrostatic 
field E, balanace the magnetic forces encountered in part (b) . What will be the magnitude and direction 
of the field E,,? Assume that n, the number of conduction electrons per unit volume, is 1.1х1 029/m3 
& that.h = 0! 02 meter, w = 0.lcm , i = 50 amp, & В = 2 webers/meter?. 
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Q.13(a) A rigid circular loop of radius г & mass m lies in the xy plane on a flat table and has a current 


(b) 
Q.14 


(a) 
(b) 
Q.15 


Q.16 
(a) 


(b) 
(c) 


Q.17 


Q.18 


Q.19 


Q.20- 


I flowing in it. At this particular place, the earth's magnetic field is B = B, 1 + B, j . How large must 
I be before one edge of the loop will lift from table ? 


Repeat if, В = B, 1 +В,К. 


Zeeman effect . In Bohr's theory of the hydrogen atom the electron can be thought of as moving 
in a circular orbit of radius r about the proton . Suppose that such an atom is placed in a magnetic 
field, with the plane of the orbit at right angle to B. 

If the electron is circulating clockwise, as viewed by an observer sighting along B, will the angular 
frequency increase or decrease? 

What if the electron is circulating counterclockwise? Assume that the orbit radius does not change. 


In above problem show that the change in frequency of rotation caused by the magnete field is given 





. Be 1 
approximately by Av = + д, Such frequency shifts were actually observed by Zeeman іп 1896. 
т 


A square loop of wire of edge a carries а current 1. 
Show that B for a point on the axis of the loop and a distance x from its centre is given by, 


4 pu ia? 
т (4х + а?) (4х + 2а*)" 
Can the result of the above problem be reduced to give field at x ^ 0 ? 
Does the square loop behave like a dipole for points such that x >> а? If so, what is its dipole moment? 


B= 


A conductor carrying a current 115 placed parallel to a current 
per unit width jj; and width d, as shown in the figure. Find 
the force per.unit lenght on the coductor. 





X 
Find the work and power required to move the conductor о length / shown 
in the fig. one full turn in the anticlockwise direction at a rotational frequency 
ofn revolutions per second if the magnetic field is of magnitude B, everywhere 
and points radially outwards from Z-axis. The figure shows the surface traced 
by the wire AB. 





The figure shows a conductor of weight 1.0 N and length L =0.5 m placed 
onarough inclined plane making an angle 30? with the horizontal so that conductor 
is perpendicular to a uniform horizontal magnetic field of induction B = 0.10 
T. The coefficient of static friction between the conductor and the planeis 0.1. 
A current of I= 10 A flows through the conductor inside the plane of this ye 
paper as shown. What is the force needed to be the applied parallel to the A Ч 
inclined plane to sustaining the conductor at rest? = 


An electron gun G emits electron of energy 2kev traveling in the (+)уе 
x-direction. The electron are required to hit the spot S where 
GS = 0.1m & the line GS makes ап angle of 60° with the x-axis, 
as shown in the fig. A uniform magnetic field в parallel to GS exists 
in the region outsiees to electron gun. Find the minimum value of B 
needed to make the electron hit S . 
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EXERCISE 5 III 
A battery is connected between two points A and B the circumference of a uniform conducting ring of 
radius г and resistance К. One ofthe arcs AB ofthe ring subtends an angle Ө at the centre . The value 
of the magnetic induction at the centre due to the current in the ring is : [ JEE '95, 2] 
(A) zero, only ІҒӨ = 180° 
(B) zero for all values of 8 
(C) proportional to 2 (180° - Ө) 
(D) inversely proportional to г 


Two insulated rings, one slightly smaller diameter than the other, are suspended 

along their diameter as shown, initially the planes of the rings are mutually 
perpendicular when а steady current is set up in each of them : [ПТ '95, 1] 

(A) The two rings rotate to come into a common plane 

(B) The inner ring oscillates about its initially position 

(C) The outer ring stays stationary while the inner one moves into the plane of the outer ring 

(D) The inner ring stays stationary while the outer one moves into the plane of the inner ring 





Anelectron in the ground state of hydrogen atom is revolving in anticlock-wise А 
direction in a circular orbit of radius К. 
Obtain an expression for the orbital magnetic dipole moment of the electron 


The atom is placed in a uniform magnetic. Induction B such that the plane normal 
of the electron orbit makes au angle of 30° with the magnetic induction. Find 
the torque experienced by the orbiting electron. - [EE '96, 5] 


p 
IT DE 
“ 
S 
prc AL 


^ 
= 


A proton, a deuteron and an а-рагісіе having the same kinetic energy are moving in circular trajectories 
in a constant magnetic field . If DUEL denote respectively the radii of the trajectories of these 
particles then : [JEE '97, 1] 
(A) фес А, лы (B) LP NT ars (Gy enr РЫ (D = Ft 


3 infinitely long thin wires each carrying current 7 in the same direction , are in the x-y plane of 

a gravity free space . The central wire is along the y-axis while the other two are along x = +d. 

Find the locus of the points for which the magnetic field B is zero . 

If the central wire is displaced along the z-direction by a small amount & released, show that it will 

execute simple harmonic motion. Ifthe linear density of the wires is A , find the frequency of oscillation. 
[JEE '97, 5] 


Select the correct alternative(s) . Г JEE 99, 2+2+2] 
Two very long, straight, parallel wires carry steady currents I & —I respectively. The distance between 
the wires is d. At a certain instant of time, a point charge q is at a point equidistant from the two 
wires, in the plane of the wires . Its instantaneous velocity у is perpendicular to this plane. The magnitude 
of the force due to the magnetic field acting on the charge at this instant is : 

Шо ЧУ Ho 19У 2p, 19У 
(A) Т a =i (Om (D) 0 
Let [є] denote the dimensional formula ofthe permittivity ofthe vaccum and [џ, ] that of the permeability 
of the vacuum . If M = mass, L = length, T = time and 


I = electric current, 
(А) [e] = M'L? T'I (В) [e] = M L?^T'P (C) [u] = МИТІ? (D) [в = ML? TI 
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(ii) 


Q.7 


Q.8 


(a) 
(5) 


09 


0.10 


(а) 
(5) 


Two particles, each of mass m & charge q, are attached to the two ends of a light rigid rod of length 
2R. The rod is rotated at constant angular speed about a perpendicular axis passing through its centre. 
The ratio of the magnitudes of the magnetic moment of the system & its angular momentum about 
the centre of the rod is : 

q 


(Ау 3. (в) 4. ы D) £ 


тт 

A particle of mass m & charge q is moving іп a region where uniform, constant electric and magnetic 
fields E & В are present, E & В are parallel to each other. At time t = 0 the velocity v, of the particle 
is perpendicular to Е. (assume that its speed is always << c, the speed of light in vacuum). Find the 
velocity у of the particle at time t. You must express your answer іп terms of t, а, т, the vectors 
v,, E & B and their magnitudes v,, Е & В. [JEE '98, 8] 


A uniform, constant magnetic field B is directed at an angle of 45° to the x-axis 

in the xy-plane, PQRS is a rigid square wire frame carrying a steady current 

I (clockwise), with its centre at the origin О. At time t = 0, the frame is at 
rest in the position shown in the figure, with its sides parallel to the x & y axes. 
Each side of the frame is of mass M & length L. 

What is the torque t about O acting on the frame due to the magnetic field ? 
Find the angle by which the frame rotates under the action of this torque in a short interval of time 
At, & the axis about which this rotation occurs (At is so short that any variation in the torque during 
this interval may be neglected) Given the moment of inertia of the frame about an axis through its 
centre perpendicular to its plane is 4/3 MI. [JEE '98, 2 + 6] 





A charged particle is released from rest in a region of steady and uniform electric and magnetic fields 
which are parallel to each other. The particle will move ша 
(A) straight line (B) circle (C) helix (D)cycloid [JEE’99, 2] 


The region between х = 0 and x= Lis filled with uniform, steady magnetic field B,k. A particle of mass 
m, positive charge q and velocity v,i travels along x-axis and enters the region ofthe magnetic field. 
Neglect the gravity throughout the question. 

Find the value of L ifthe particle emerges from the region of magnetic field with its final velocity at an 
angle 30? to its initial velocity. 

Find the final velocity of the particle and the time spent by it in the magnetic field, if the magnetic field 
now extends upto 2.1L. [JEE '99, 6+4] 


Q.11(1)A particle of charge q and mass m moves ina circular orbit of radius г with angular speed œ. The ratio of 


(i) 


the magnitude of its magnetic moment to that of its angular momentum depends on 

(А) o and q (В) о, qand m (C) q and m (D) o and m 

Two long parallel wires are at a distance 2d apart. They carry steady equal currents flowing out ofthe 
plane of the paper, as shown. The variation of the magnetic field B along the XX’ is given by 


| | ; | | ; | TEC 
M | Kt | ІР ре! 
xg yb И ы -Ф--Х Х--Ф-эк-ФЛХ xO әх х--Ф---%-Х 
SS ae Sa ү" rou 
Ld а Ш а а | iid od jl | d d lil 
(A) (B) . (С) (D) 
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(ш) 


(iv) 


Q.12 


() 


(i) 


Q.13 


(a) 


(b) 


Q.14 


Q.15 


An infinitely long conductor PQR is bent to form a right angle as shown. A 


current I flows through POR. The magnetic field due to this current at the ІМ 

point M is H,. Now, another infinitely long straight conductor QS is was: 9m 1 
connected at Q so that the current in PQ remaining unchanged. The magnetic PU QUE S 
field at M is now H,. The ratio H,/H, is given by | 

(А) 1/2 (В) | (C) 2/3 (D)2 IR 


An ionized gas contains both positive and negative ions. Ifit is subjected simultaneously to an electric 
field along the +x direction and a magnetic field along the +z direction, then 

(A) positive ions deflect towards +y direction and negative ions towards -y direction 

(B) all ions deflect towards +y direction. 

(C) all ions deflect towards -y direction 

(D) positive ions deflect towards —y direction and negative ions towards +y direction.[JEE 2000 (Scr)] 


-A circular loop of radius R is bent along a diameter and given a shape as 


shown in the figure. One of the semicircles (KNM) lies in the х-2 plane 
and the other one (KLM) in the y—z plane with their centers at the origin . 
Current I 15 flowing through each of the semicircles as shown in figure . 


A particle of charge q is released at the origin with a velocity у:=--У, 1. 
Find the instantaneous force fon the particle. Assume that space is 
gravity free. 





If an external uniform magnetic field В j is applied, determine the forces F, and F, on the semicircles 


KLM and KNM due to this field and the net force F on the loop . [JEE 2000 Mains, 4 + 6] 

A current of 10A flows around a closed path in a circuit which is in Ne РД 

the horizontal plane as shown in the figure. The circuit consists of eight ~ Kn (2% 

alternating arcs of radii г, = 0.08 m and г. =0.12 m. Each arc subtends I uude А 

the same angle at the centre. TN NY 

Find the magnetic field produced by this circuit at the centre. \ | 


An infinitely long straight wire carrying a current of 10A is passing through the centre of the above 

circuit vertically with the direction of the current being into the plane of the circuit. What is the force | 
acting on the wire at the centre due to the current in the circuit? What is the force acting on the arc | 
AC and the straight segment CD due to the current at the centre? [JEE 2001, 5 + 5] 


Two particles A and B of masses m, and m, respectively and having the same 


charge are moving in a plane. A uniform magnetic field exists perpendiculartothis А... 
plane. The speeds ofthe particles are v, and v, respectively and the trajectories : ағы an 
are as shown in the figure. Then ER roues 
(А) m,v, < m,v, (B) ту, 2 mv, 

(C) m, < m, and v, < v, (D) m, = m, and v, -у, [JEE, 2001 (Scr)] 


^. 


A non-planar loop of conducting wire carrying a current I is placed as shown 
in the figure. Each ofthe straight sections ofthe loop is of length 2a. The magnetic 
field due to this loop at the point P (a, 0, a) points in the direction 





T 7^4 ве г ==? 
—=(-j+k В) (-jt+k +1) 
(A) js j+k) (B) Ж 
| - ^ А ; 1 ^ ~ 2a 
(C) T jt k) (D) —=(+К) [JEE, 2001 (Scr)] 
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0.16 


0.17 


Q.18 


Q.19 


(a) 
(b) 
(c) 


Q.21 


Q.22 





Acoil having N tums is wound tightly in the form of a spiral with inner and outer radii a and b respectively. 
When a current I passes through the coil, the magnetic field at the centreis |ЛЕЕ, 2001 Screening] 











NI „АП 

(д) © в) == _ (уу —ю” ott 

а (b-a) а 2(b-a) а 
A particle of mass m and charge 4 moves with a constant velocity v along the positive x direction. It 
enters a region containing a uniform magnetic field B directed along the negative z direction, extending 
from x=ato x =. The minimum value of v required so that the particle can just enter the region x > b is 
(A)qb B/m (B) q( b - a) B/m (C) qa B/m (D) q(b + a) B/2m 

[JEE 2002 (screening), 3] 


A long straight wire along the z-axis carries a current I in the negative z direction. The magnetic vector 





field B at a point having coordinates (x, y) in the z 0 plane is [JEE 2002 (screening), 3] 
Hol (yi - xj) Hol (xi yj) в (кі-уі) Hol (xi - yj) 

(Аузы aue (Баа. Оса ОТ ES, 
2n (x +у) 2n (x +y") 2n (x+y) 2x (х +у) 

The magnetic field lines due to а bar magnet are correctly shown in [JEE 2002 (screening), 3] 


INN. 





A rectangular loop PQRS made from a uniform wire has length a, width 
b and mass m. It is free to rotate about the arm PQ, which remains.hinged 
along a horizontal line taken as the y-axis (see figure). Take the vertically 
upward direction as the z-axis. Auniform magnetic field Bs (3 it4 k) B, 
exists in the region. The loop is held in the x-y plane and a current I is 
passed through it. The loop is now released and is found to stay in the 
horizontal position in equilibrium. 

What is the direction of the current I in PQ? 

Find the magnetic force on the arm RS. 

Find the expression for I in terms of B.. a, b and m. [JEE 2002, 1+1+3] 





A circular coil carrying current I is placed in a region of uniform magnetic field acting х ian 
perpendicular to a coil as shown in the figure. Mark correct option [JEE 2003 (Scr)] x A N x 
(A) coil expands (B) coil contracts x "- x 
(C) coil moves left (D) coil moves right x d x 


Ж уе f^ э p" 
| | ( 7 ) \ / у AM = 
p? / as nd x "^ >” X ü 4 


Figure represents four positions of a current carrying coil is a magnetic field directed towards right. п represent 
the direction of area of vector of the coil. The correct order of potential energyis: [JEE 2003 (Scr)] 
(А)І> Ш>П>1У (В)1<Ш<П<ІУ 
(С)ТУ<1<П<П - (р)П>П>ГУ>1 


SS 
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0.23 A wheel of radius R having charge Q, uniformly distributed on the rim of the 
wheel is free to rotate about a light horizontal rod. The rod is suspended by light 
inextensible stringe and a magnetic field B is applied as shown in the figure. The 


"E d) i | | 3Т, 
initial tensions in the strings аге Tọ. If the breaking tension of the strings аге ——, 





find the maximum angular velocity o, with which the wheel can be rotate. 
ПЕЕ 2003] 


0.24 Aprotonand an alpha particle, after being accelerated through same potential difference, enter a uniform 
magnetic field the direction of which is perpendicular to their velocities. Find the ratio of radii of the 
circular paths of the two particles. [JEE 2004] 


0.25 Inamoving coil galvanometer, torque on the coil can be expressed as т = ki, where i is current through 
the wire and К is constant. The rectangular coil of the galvanometer having numbers of turns М, area А 
and moment of inertia I is placed in magnetic field B. Find 

(a) k in terms of given parameters N, I, Aand B. 

(b) — the torsional constant of the spring, if a current ij produces a deflection оҒл/2 in the coil in reaching 


equilibrium position. 
(c) the maximum angle through which coil is deflected, id charge Q is passed through the coil almost 
instantaneously. (Ignore the damping in mechanical oscillations) [JEE 2005] 
pri \ 
0.26 Aninfinite current carrying wire passes through point О and in i Ж” \ 
perpendicular to the plane containing a current carrying loop „ылык... = 
ABCD as shown in the figure. Choose the correct option (s). кы ey о 
(A) Net force on the loop is zero. р 
А 
(В) Net torque on the loop is zero. Бе 
(С) As seen from О, the loop rotates clockwise. | 
(О) As seen from О, the loop rotates anticlockwise [JEE 2006] 


—————————————————————————— Bá 
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EXERCISE # I 
01 a 02 2.5 49 * 107 Q.3 Си 
Өл Ban 95 е М) 06 einn] 
Q.7 B= РЫ 2 (2x? - 22 +1) 0.8 (i) 1.3 x10“F, (ii) zero Q.9 Ho weber.nr! 
ШУ қ 2тус 
0.10 275 0.11 10k Q.12 “ав. 0.13 zero 
014 F=aa’i у 015 1=0.1110А, і,-0.09А 016 4/47 
0.17 aye E eye , (c) zero 0.18 Inthe plane of the drawing from right to left 
0.19 “a Q.20 appo = 0.575 
( ав,4 
021 t=m gp Where o = TE 
mEI ug C[1 1 
Q.22 Be Q.23 achi - toteen 
0.24 /2IRB Q.25 175753 an it 
EXERCISE # IT 
0.1 ші. dam 0.2 
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3 along Y-axis, 


мо ‚ tan’ 


1 у 5; 4 
= | +7 with positive axis 
Er 


"dn 


Magnetics Effect of Current 





[17] 


пл» mg 
03 ——~ (3) along - vez direction 04 5 








qs в (8а 











ш а? к Е а? | шо] a?b 
=— ees Ed E JR беки: = — 
0.6 (а) В 2 Y IRS b 2 | › (b) В. Ho 4 AR? +b? ; › В, 2 482 + b? 


а?) 





Q.7 Sen? tan? 0 08 (а = ex PEE | (b) 3 
09 (а) 0 (b) 141х107, 45° іп xz-plane, (с) 5 х 10^T, *x-direction] 
0.10 (а) 20 тіп. (b) 5.94 x 10? Nm 

Q.11 15 С 


Q.12 (а)14х10- п/в (5) 4.5 х 10723 М (down) (c)2.8 x10% V/m (down) 
(d) 5.7 x 10% V (top +, bottom —) (е) same аз (с) 








Q.13 (a)I- — = (b) I = ЕЕ. 0.14 (a) increase, (b) decrease 
zr (B; + Bj) nrB, 
Q.17 нің TE 535 018 -2лпгВугі, -2пгВугіл 
0.19 0.62 N< F < 0.88 М 0.20 В = 4.7*103 T 
EXERCISE # Ш 
eh _ ehB 
Q.1 B Q2A CIS] ee rm Mea Q4A 
d 2772 T y 
Q5 | z-0;x-* 7, G) Sza Van 0.6 () D (ii) B, C (МА 
ШЕ ав " E 
@ Лау = eu t+ vy cosat + [v, sin ot] k, where @ =>; р = (у X El» ХЕ! 
к” > 3 BI 
Q.8 (a) т = rie (1) (b) 6 = 1 Er At? ООА 


М 
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MV, лт 
010 (а) зав, ()velocity=-v, time= ар, Ql@c B üC (vC 


Hol Жы... n 
0.12 (0) — an qv, k Gi) =21ВВ E,-2IRB,Netforce- Е, +Е, = 41КВ i 


Q.13 (a) 6.6 x 10-Т, (b) 0, 0, 8 x 10-5Nt 


Q.14 B Q5 D Q.16 C Q.17 B Q.18 A Q.19 D 


0.20 (a) current in loop PQRS is clockwise from P to QRS., (b) p = BLb (3k-4i), (c) I = A 








г т 1 
да 
21 А 22 А Ў pe 24 = -= 
Q Q Q.2 o QR?B Q.24 Та а: Gp V2 
21. NAB ПЧАВл 
025 (а)к= МАВ, (6) C2 ——, (c) Qx aa — Q.26 AC 


2 | A 
т ү 20 0 
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QUESTION FOR SHORT ANSWER 


Consider a magnetic field line. Is the magnitude of B constant or variable along such a line? Can you give 
an example of each case? 


À current is sent through a vertical spring from whose lower end a weight is hanging. What will happen? 


В = цџ/ 2л suggets that a strong magnetic field is set up at points near a long wire carrying a current. 
Since there is a current i and magnetic field В, why is there not a force on the wire in accord with the 
equation E, -iLxB? 

Two fixed wires cross each other perpendicularly so that they do not actually 
touch but are close to each other, as shown in figure. Equal currents i exist in 


each wire in the directions indicated. In what region(s) will there be some points 
ofzero net magnetic field? 





p ) 
А messy loop of limp wire is placed on a frictionless table and ^а \ 
anchored at points a and b as shown in figure. Ifa currentiisnow 7-77 апу 
passed through the wire, will it try to form a circular loop | кр. Suc Ку] 


or willit try to bunch up further? С 


A very long conductor has a square cross section and contains a coaxial cavity also with a square cross 
section: Current is distributed uniformly over the material cross section of the conductor. Is the magnetic 
field in the cavity equal to zero? Justify you answer. 


Two long solenoids are nested on the same axis, as in figure. They carry 
identical currents but in opposite directions. If there is no magnetic field 
inside the inner solenoid, what can you say about n, the number of turns 
per unit length, for the two solenoids? Which one, if either, has the larger 
value? 





The magnetic field at the center of a circular current loop has the value В = ui/ 2R. . However, the 
electric feld at the center ofa ring of charge is zero. Why this difference? 


A steady current is set up in a cubical network of resistive wires, as in figure. 
Use symmetry arguments to show that the magnetic field at the 
center ofthe cube is zero 





A copper pipe filled with an electrolyte. When a voltage is applied, the current in the electrolyte is 
constituted by the movement of positive and negative ions in opposite directions. Will such a pipe 
experience a force when placed in a magnetic field perpendicular to the current. 


Magnetic moments arise due to charges. Can a system have magnetic moments even though it has 
no charge. 


Imagine that the room in which you are seated is ес with a uniform magnetic field with B pointing 
vertically upward. A circular loop of wire has its plane horizontal . For what direction of current 
in the loop, as viewed from above, will the loop be in stable eqiulibrium with respect to forces 
& torques of magnetic origin ? 
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Q.14 


Q.15 


Q.16 


Q.17 


0.18 


0.19 


0.20 


0.21 


0.22 


0.23 


Two current-carrying wires may attract each other. Іп absence of other forces, (һе wires will move 
towards each other increasing the kinetic energy. From where does this energy come? 


In order to have a current in a long wire, it should be connected to a battery or some such device. 
Can we obtain the magnetic field due to a straight, long wire by using Ampere’s law without mentioning 
this other part of the circuit. 


A uniform magnetic field fills a certian cubical region of space. Can an electron be fired into this 
cube from the outside in such a way that it will travel in a closed circular path inside the cube? 


In Ampere’s law f В.аї = Н / the current outside the curve is not included on the right hand side. 


Does it mean that the magnetic field B calculated by using Ampere’s law, gives the contribution of 
only the currents crossing the area bounded by the curve ? 


A magnetic field that varies in magnitude form point to point, but has constant direction (East 
to West) is set up in a chamber . A charged particle enters the chamber and travels undeflected 
along a straight path with constant speed . What can you say about the initial velocity of the particle? 


A charged particle enters an environment ofa strong & non-uniform magnetic field varying from 
point to point both in magnitude and direction and comes out of it following a complicated trajectory. 
Would its final speed equal the initial speed , if it suffered no collisions with the environment. 


A straight wire carrying on electric current is placed along the axis of a uniformly charged ring. Will 
there be a magnetic force on the wire if the ring starts rotating about the wire ? If yes, in which 
direction ? 


An electron travelling West to East enters a chamber having a uniform electrostatic field in North 
to South direction . Specify the direction in which a uniform magnetic field should be set up to 
prevent the electron from deflecting from its straight line path . 


The magnetic field inside a tightly wound, long solenoid is В = д, ni. It suggests that the field does 
not depend on the total length of the solenoid, and hence if we add more loops at the ends of a 
solenoid the field should not increase. Explain qualitatively why the extra-added loops do not have 
a considerable effect on the field inside the solenoid. 


A lightening conductor is connected to the earth by a circular copper pipe. After lightning strikes, it is 
discovered that the pipe has turned into a circular rod. Explain the cause ofthis phenomenon. 


We know that the work required to turn a current loop end for end in an external magnetic 
field is 2uB. Does this hold no matter what the original orientaion of the loop was ? 
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ONLY ONE OPTION IS CORRECT. 


Take approx. 2 minutes for answering each question. 


О:1 


0.2 


0.3 


0.4 


0.6 


0.7 


A current of i ampere is flowing through each of the bent wires as shown the magnitude and (Коро of 





magnetic field at 0 is »ж-- 
if ESO № ха 

(А) ex) ER ШЧ, 

4\R R 4\R R, е = 

қ Г. 
т healt E роц 1... 3 

(О в E x ag decia 4% 
Net magnetic field at the centre of the circle O due to a current carrying ay 
loop as shown in figure is (9 < 180°) Ф “ 
(A) zero 4 10 | 
(В) perpendicular to paper inwards vs 


` 


(C) perpendicular to paper outwards et 
(D) is perpendicular to paper inwards if 0 < 90? and perpendicular to paper outwards if 909«0«1 80* 





The magnetic field due to a current carrying square loop of side a at a point iF 

located symmetrically at a distance оҒа/2 from its centre (as shown is) уд | 2 / 
V2 uji ші 2ші | / / 

(А) E (B) (C) F (D) zero ss 
За б па 43 та а 


А charge particle A of charge q = 2 C has velocity v = 100 m/s. When it passes through wir 
point A and has velocity in the direction shown. The strength of magnetic field at point В _ е уші 
due to this moving charge is (г = 2 m). У! 
(A) 2.5 uT (B) 5.0 nT (C) 2.0 ит (D) None 


Three rings, each having equal radius R, are placed mutually perpendicular to Eo 
each other and each having its centre at the origin of co-ordinate system. If ^ /|i ` 
current I is flowing thriugh each ring then the magnitude of the magnetic field at 
the common centre is 


(A) 4850 (ее (С) 2-)5 (ру(33-у/з)5® 
2Е. 2R 

Two concentric coils X and Y ofradii 16 cm and 10 cm lie in the same vertical plane containing N-S 

direction. X has 20 turns and carries 16 A. Y has 25 turns & carries 18A. X has current in anticlockwise 

direction and Y has current in clockwise direction for an observer, looking at the coils facing the west. 

The magnitude ofnet magnetic field at their common centre is 

(A) 5x x 10 * T towards west (B) 137 x 107^ Т towards east 

(C) 137 x 10: T towards west (D) 5x x 10: T towards east 


Auniform beam of positively charged particles is moving with a constant velocity parallel to another 
beam of negatively charged particles moving with the same velocity in opposite direction separated by a 
distance d. The variation of magnetic field B along a perpendicular line draw between the two beams is 
best represented by 
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- 
0.8 The dimension of = where uis permeability & = is permittivity is same аз: 
= 


(A) Resistance (B) Inductance (C) Capacitance (D) None of these 


0.9  AcurrentI flows around a closed path in the horizontal plane of the circle as 
shown in the figure. The path consists of eight arcs with alternating radii r and 2r. 
Each segment of arc subtends equal angle at the common centre P. The magnetic 
field produced by current path at point P is 


3 uol 
(A) 8 ; perpendicular to the plane of the paper and directed inward. 





3 Lol 

(B) 8 = ; perpendicular to the plane of the paper and directed outward. 
1 р] : : ! 

(С) ерек: perpendicular to the plane of the paper and directed inward. 
Іші - 7 

(0) ers perpendicular to the plane ofthe paper and directed outward.. 


Q.10 Infinite number ofstraight wires each carrying current I are equally 
placed as shown in the figure. Adjacent wires have current in 
opposite direction. Net magnetic field at point P is 








Hol /n2 ; Hol №4; 
| ea ||. — ——k 
A) 4n За (В) 4t 43a 
Hol n4, > 
C) = ma o (D) Zero 


Q.11 A direct current is passing through a wire. It is bent to form a сой of one turn. Now it is further bent to 
form а coil of two turns but at smaller radius. The ratio of the magnetic induction at the centre of this coil 
and at the centre of the coil of one turn is 

(A) 1:4 (В) 4:1 (С)2:1 (D)1:1 


co 


Q.12 Two mutually perpendicular conductors carrying currents I, and Т, lie in one plane. Locus ofthe point at 
which the magnetic induction is zero, is a 
(A) circle with centre as the point of intersection ofthe conductor. 
(B) parabola with vertex as the point of intersection ofthe conductors 
(CYstraight line passing through the point of intersection ofthe conductors. 
(D) rectangular hyperbola 


Q:13 Find the magnetic field at P due to the arrangement shown 
uot (eet Y. 52 Hol ИК. eet a 

(А) = 1--р (Б) (9 fout ОЗ) |Le— 

У ( v / 2 Vi [2 


V2 7d \ y 




















Q.14 Equal current / is flowing in three infinitely long wires along positive x, y and z directions. The magnitude 
m "field at a point (0, 0, —a) would be: 


Hoi 


Hol,s 7 A Шо 2 52 роу 
2 Mol $15 Шш =з ——(1+)+К 
(j-i) (B) Ot (© 2550-9 (S tts) 


(A) ona 
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Q.15 


016 


0.17 


О 18 


115 


Q.20 


0.21 


А thin, straight conductor lies along the axis ofa hollow conductor of radius R. The two carry equal 
currents in the same direction. The magnetic field B is plotted against the distance r from the axis. Which 
of the following best represents the resulting curve? 





A long thin walled pipe of radius R carries a current I along its length. The current a 
density is uniform over the circumference of the pipe. The magnetic field at the сещег / 
of the pipe due to quarter portion of the pipe shown, is реге 


(А) YR icm) (C) R (D) None 


Two very long straight parallel wires, parallel to y-axis, carry currents 4I and ], along +y direction and -y direction, 
respectively. The wires are passes through thex-axis at the points (d, 0, 0) and (—d, 0, 0) respectively. The graph 
of magnetic field z-component as one moves along the x-axis from x —— d to x =+d, is best given by 














NI 





A long straight wire, carrying current I, is bent at its midpoint to froman angle of р 
; қ : 2 Е З сия то 7-71 
45°. Induction of magnetic беч at point P, distant R from point of bending is Re < 


equal to : ж 
" (2-1) a (2 + thiol Ps (2 Ф (V2 «ut | 


4nR 4nR 4/2nR ` 4/2 В. 


A hollow cylinder having infinite length and carrying uniform current per unit length X 
along the circumference as shown. Magnetic field inside the cylinder is 


X 
(А) == (В) mA (С) 2,2 (D) none 
A long straight metal rod has a very long hole of radius ‘a’ drilled parallel to the rod axis as shown in the 
figure. Ifthe rod carries a current ‘i’ find 
the value of magnetic induction on the axis of the hole, where OC =c 








(A) xb? а?) (В) 5x(b^ аг) 
[oi(b* — a^) Нос 
5 2nc (D) 2na*b? 


Two long conductors are arranged as shown above to form overlapping 

cylinders, each of raidus г, whose centers are separated Бу a distance , 
d. Current of density J flows into the plane of the page along the shaded | 
part of one conductor and an equal current flows out of the plane of the ~ 
page along the shaded portion of the other, as shown. What are the d = 
magnitude and direction of the magnetic field at point A? Vacuum 


Conductor 


= 





(A) (uy/21)ndl, in the +y-direction (B) (uy/21))d?/r, in the +y-direction 
(С) (uy21)4d?]/r, in the -y-direction (D) (uy/21)J г2/4, in the -y-direction 


(E) Thereis no magnetic field at A. 
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Q.22 


0.23 


0.24 


0.25 


0.26 


0.27 


0.28 


0.29 


0:30 


An electron is moving along positive x-axis. A uniform electric field exists towards negative y-axis. What 
should be the direction of magnetic field of suitable magnitude so that net force of electron is zero 

(A) positive z- axis (B) negative z-axis (C) positive y-axis (D) negative y-axis 

A particle of charge q and mass m starts moving from the origin under the action ofan electric field 


ie Epi and B=B ni with velocity y — vo] . The speed ofthe particle will become 2v, after a time 





2mv, _ 2Bq E: V3 Ва УЗ mv, 

Ait. JE (B)t= mv, (C)t= SU D)t- ЧЕ 
An electron is projected with velocity v, in a uniform electric field E perpendicular to the field. Again it is 
projetced with velocity v, perpendicular to a uniform magnetic field B/ If r, is initial radius of curvature 
just after entering in the electric field and r, is initial radius of curvature just after entering in magnetic field 
then the ratio 1, /r, is equal to 

Ву; В 

=a (RY— —À 
(A) 5 вур © 0) = 
Auniform magnetic field B = By j exists in a space. A particle of mass m and charge q is projected 





Eva Ву, 


towards negative x-axis with speed v from the a point (d, 0, 0). The maximum value v for which the 
particle does not hit y-z plane is 

2Bq 8 Ваа 
(A) (B) = (Qo Ф) == 


Two protons move parallel to Ses other, keeping distance r between them, both moving with same 


velocity V . Then the ratio ofthe electric and magnetic force of interaction between them is 

(A) «2/у? (В) 2с?/У? (С) «2/2х: (D) None 

А charged particle of specific charge о is released from origin at time t = 0 with velocity V = V, + VJ 
in magnetic field B = B,i . Thecoordinates ofthe particle at time t — “Ba are (specific charge a= q/m) 




















V, 42У, – У, ) Р уне 
2B,a aB, Ba, (B) 
2V, Ул эл 22.00, | 
ol Во 2B 4 (0) ва’ ` Ва’ 





Three ions Н", Не” and O? having same kinetic energy pass through a region in which thereis a uniform 
magnetic field perpendicular to their velocity, then : 

(A) Н* will be least deflected. (В) Не” and O?? will be deflected equally. 

(С) O? will be deflected most. (D) all will be deflected equally. 


An electron having kinetic energy T is moving in a circular orbit of radius R perpendicular to a uniform 


magnetic induction B . If kinetic energy is doubled and magnetic induction tripled, the radius will become 


3R | 3 | 2 4 
(A) > (B) у R С) К (D) 4; R 
An electron (mass = 9.1 x 10?! ; charge = — 1.6 x 10” C) experiences no deflection if subjected to 
an electric field of 3.2 x 10° V/mand a magnetic field of 2.0 x 10? Wb/m' . Both the fields are normal 
to the path of electron and to each other . If the electric field is removed, then the electron will revolve in 


an orbit of radius : 
(A) 45m (B) 45m (С) 0.45 т (D) 0.045 m 
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0.31 A charged particle moves in a magnetic field B =10i with initial velocity п = 51 + 4j . The path ofthe 
particle will be 
(A) straight line (B) circle (C) helical (D) none 

Q.32 Aelectron experiences a force a 0143. oj) x 10-13 N ina uniform magnetic field when its velocity is 
2.5k x107 ms. When the velocity is redirected and becomes ( 51-20 ix 107 ms-!, the magnetic 
force of the electron is zero. The magnetic field vector p is: 


(А)- 00751-01) (В) 0.11+0.075) (C) 0.0751-01)-к (D) 0.0751-0.1) 

0.33 Amass spectrometer is a device which select particle of equal mass. An iron with electric charge q > 0 
and mass m starts at rest from a source S and is accelerated through a potential difference V It passes 
through a hole into a region of constant magnetic field В perpendicular to the plane of the paper as 


shown in the figure. The particle is deflected by the magnetic field and emerges through the bottom hole 


at a distance d from the top hole. The mass of the particle is етее ө 





qBd в242 ав?а? аВа тт i. в 
OE меш EAL ©) у= ЧН о в өөө 
mV 4V 8V 2mV ә 09 © © 
©8000 
10 © © © © 


Q.34 Electrons moving with different speeds enter a uniform magnetic field in a direction perpendicular to the 
field. They will move along circular paths. 
(A) of same radius 
(B) with larger radii for the faster electrons 
(C) with smaller radii for the faster electrons 
(D) either (B) or (C) depending on the magnitude of the magnetic field 


0.35 Inthe previous question, time periods of rotation will be : 
(A) same for all electrons 
(B) greater for the faster electrons 
(C) smaller for the faster electrons 
(D) either (B) or (C) depending on the magnitude of the magnetic field 


0.36 OABC is acurrent carrying square loop an electron is projected from the centre of loop along its 
diagonal AC as shown. Unit vector in the direction of initial acceleration will be 





(АК (B) 4%) 
(C)- k D= 
42 


Q.37 Aparticle having charge of 1 C, mass 1 kg and speed 1 m/s enters a uniform magnetic field, having 
magnetic induction of 1 T, at an angle 0 = 30° between velocity vector and magnetic induction. The pitch 
of its helical path is (in meters) 

Br T 
a= (В) зл (05 (D) 

0.38 A charged particle is released from rest in a region of uniform electric and magnetic fields, which are 
parallel to each other. The locus ofthe particle will be 
(A) helix of constant pitch (B) straight line 
(C) helix of varying pitch ; (D) cycloid 





& Bansal Classes Question Bank on Magnetic Effect of Current [*] 





Q.39 


Q.40 


0.41 


0.42 


0.43 


0.44 


0.45 


0.46 


A particle of specific charge (charge/mass) starts moving from the origin under the action ofan electric 
field E = | and magnetic field В = Bok . Its velocity at (ху, Ус» 0) is (41+3]). The value of x, is: 


13 aE, 16aB, 25 5а 


A particle of specific charge (q/m) is projected from the origin of coordinates with initial velocity 
[ui — vj]. Uniform electric magnetic fields exist in the region along the +y direction, of magnitude E and В. 
The particle will definitely return to the origin once if 

(A) ІУВ/2лЕ| is an integer (В) (u? + v?)!? [B/xE] is an integer 

(С) [vB/xE] in an integer (D) [uB/7zE] is an integer 





Anelectron moving with a velocity V, = 2i m/sata point in a magnetic field experiences a force Е = 221 N. 
If the electron is moving with a velocity У, = 21 m/s at the same point, 1t experiences a force É, -42iN. 
The force the electron would experience if it were moving with a velocity V, = 2 k ns at the same point is 


(A) zero (B) 2kN (C) -2kN (D) informationis insufficient 
Two particles of charges +Q and -Q are projected from the same point with a velocity v in a region of 
uniform magnetic field B such that the velocity vector makes an angle q with the magnetic field. Their 
masses are M and 2M, respectively. Then, they will meet again for the first time at a point whose 
distance from the point of projection is 


(A) 2лМусовӨ/ОВ (В) 8лМусовӨ/ОВ (С) nMvcos0/QB (D) АлМусов0/ОВ 


A particle of charge О and mass M moves in a circular path of radius Кіп a uniform magnetic field of 
magnitude B. The same particle now moves with the same speed in a circular path of same radius R in 
the space between the cylindrical electrodes of the cylindrical capacitor. The radius of the inner electrode 
is R/2 while that of the outer electrode is 3R/2. Then the potential difference between the capacitor 
electrodes must be 


(A) QBR(/n3)/M (В) QB?R*(7n3)/2M (С) QB?R?(In3)/M (D) None 


A particle with charge +Q and mass m enters a magnetic field of magnitude B, 9 Y 
existing only to the right ofthe boundary YZ. The direction ofthe motion of the 


m 
particle is perpendicular to the direction of B. Let T= 2x ОВ: The time spent 


by the particle in the field will be 


ж 


Ол; 








“л-20” 
(А) ТӨ (В)2ТӨ (С) Т | (D) ul on | 


In the previous question, if the particle has -Q charge, the time spend by the particle in the field will be 








чё = | | п+20 | ( л-20 | 

(A)T (B)2 (OTi zog (D)T| 57 

The direction of magnetic force on the electron as shown in the diagram is along EN y 14. 
(А) у-ахіѕ (B) -y-axis Ka Я 
(С) z-axis (D) -z-axis м. 
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0.47 A particle having charge q enters a region of uniform magnetic field B (directed 
inwards) and is deflected a distance x after travelling a distance y. The magnitude 
of the momentum of the particle is: 


=—>— 











aBy By B x аву - 

(А) 7 (B) X (CO) 5 у ] Oy 
0.48 А block of mass m & charge q is released on a long smooth inclined plane Ж 

magnetic field В is constant, uniform, horizontal and parallel to surface as С) 
shown. Find the time from start when block loses contact with the surface. 

тсоѕ0 т соѕесӨ (9 

де 
qB qB 

m cot 

(C) qB (D) none 


0.49 Aparticle moving with velocity v having specific charge (q/m) enters a region of 


3mv 
magnetic field B having width d= *qB at angle 53? to the boundary of magnetic 
field. Find the angle 9 in the diagram. 
(A) 37° (B) 60° (С) 90° | ^ (D) none 





0.50 Acharged particle enters a uniform magnetic field perpendicular to its initial direction travelling in air. The 
path of the particle is seen to follow the path in figure. Which of statements 1-3 is/are correct? 
[1] The magnetic field strength may have been increased while the particle was travelling in air 


[2] The particle lost energy by ionising the air entry ^^ 
[3] The particle lost charge by ionising the air ( ) 
(A) 1,2,3 are correct ы” afe (В) 1, 2 only are correct je 
(C) 2, 3 only are correct (D) 1 only 


Q.51 Astraightrod of mass m and length L is suspended from the identical spring as shown in the figure. The 
spring stretched by a distance of x, due to the weight ofthe wire. The circuit has total resistance RQ. 
When the magnetic field perpendicular to the plane ofthe paper is switched on, springs are observed to 
extend further by the same distance. The magnetic field strength is 


mgR 
(A) mE directed outward from the plane ofthe paper 


mgR 
(B) Ех 2 directed outward from the plane of the paper 
0 





mgR : 
(C) > directed into the plane of the paper 





wD 
(D) “= ; directed into the plane of the paper 
£ Xo 


0.52 А conducting wire bent in the form ofa parabola y? = 2x carries a current 
i= 2 А аз shown in figure. This wire is placed in a uniform magnetic field 


B =—4k Tesla. The magnetic force on the wire is (in newton) 


(A) -161 (B) 321 (C) -32i (D) 16i 
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0.53 А semi circular current carrying wire having radius В is placed in 
x-y plane with its centre at origin ‘О’. There is non-uniform magnetic 


Ға 


ҮЗ ТІЛІ < 





field B= B.X £ (here B, is +ve constant) is existing inthe region The = /- 
2R 
magnetic force acting on semi circular wire will be along р 
(A) — x-axis (B) * y-axis Z 
(C) -y-axis (D) + x-axis 
0.54 А circular current loop of radius ais placed in a radial field В as 
shown. The net force acting on the loop is 
(A) zero (В) 27ВаїсоѕӨ 
(C) 27а1Вѕ1п0 (D) None 


0.55 А conductor of length / and mass mis placed along the east-west line on a table. Suddenly a certain 
amount of charge is passed through it and it is found to jump to a height В. The earth’s magnetic induction 
is B. The charge passed through the conductor is: 

gh т,/2рһ 


y2gh 


1 
(A) Beh (Bier O Sm D) 


0.56 Inthe figure shown a current I, is established in the long straight wire AB. Another 
wire CD carrying current L, is placed in the plane of the paper. The line joining 











the ends of this wire is perpendicular to the wire AB. The force on the wire CD 
is: |, l» 
(A) zero (B) towards left | 
(С) directed upwards (D) none of these iC D 
Al 
0.57 Asquare loop ABCD, carrying a current i, is placed near and coplanar with a long straight conductor 
XY carrying a current I, the net force on the loop will be | v" я 
2ugli ной 23 ШИНА, | 
ДЕТ (Вт i ger DOE OA сые Р 


212 


0.58 Ametalring ofradiusr = 0.5 m with its plane normal to a uniform magnetic field В of induction 0.2 T 
carries a current I = 100 А. The tension in newtons developed in the ring is: 
(A) 100 (B) 50 (C) 25 (D) 10 


0.59 In given figure, X and Y are two long straight parallel conductors each carrying 5. 
acurrent of 2 A. The force on each conductor is Е newtons. When the current 2A 
in eachis changed to 1 A and reversed in direction, the force on each is now La. E 
(A) F/4 and unchanged in direction (B) E/2 and reversed in direction 
(C) E/2 and unchanged in direction (D) F/4 and reversed in direction 

0.60 A conducting ring of mass 2 kg and radius 0.5 m is placed on a smooth horizontal M 
plane. The ring carries a current 1= 4A. A horizontal magnetic field B = 10T is TT. B 
switched on at time t = 0 as shown in figure. The initial angular acceleration of a 
the ring will be ПИТТ 
(A) 40 л rad/s? (В) 20 x rad/s? (С) 5 x rad/s? (D) 15 x rad/s? 


Q.61 Inthefigure showna coil ofsingle turn is wound on a sphere of radius R and mass 
m. The plane ofthe coil is parallel to the plane and lies in the equatorial plane of 
the sphere. Current in the coil isi. The value of B ifthe sphere is in equilibrium is 
mg cosO mg tan O mg sin Ө 
( тік (В ет = (Ө тік (D) mR 
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Q.62 


0.63 


0.64 


0.65 


0.66 


0.67 


The magnetic moment of a circular orbit of radius “т” carrying a charge ‘q’ and rotating with velocity v is 
given by 

уг уг 
(А) > (В) = (С) qvar (D) qvx? 


З Р : ; Е 2060 s 
The dimensional formula for the physical quantity 2 Is 





(E =electric field and B = magnetic field) 

(A) L°M°T° (B) L'M°T (C) L-'M°T! (D) L'2M9T-!2 

A thin non conducting disc of radius R is rotating clockwise (see figure) with an angular velocity w about 
its central axis, which is perpendicular to its plane. Both its surfaces carry +ve charges of uniform surface 
density. Halfthe disc is in a region of auniform, unidirectional magnetic field B parallel to the plane ofthe 
disc, as shown. Then, | 

(A) The net torque on the disc is zero. 

(В) The net torque vector on the disc is directed leftwards. | 
(С) The net torque vector on the disc is directed rightwards. 

(D) The net torque vector on the disc is parallel to B. 


A rectangular coil PQ has 2n turns, an area 2a and carries a current 2/, (refer 2n, 2a, 21 
figure). The plane of the coil is at 60° to a horizontal uniform magnetic field of coil H60° 

flux density B. The torque on the coil due to magnetic force is B 

(A) Впа/ sin60° (В) 8Впа/ cos60° (С) 4na/ Bsin60° (D) none 

A straight current carrying conductor is placed in such a way that the current in the conductor flows in the 


direction out of the plane of the paper. The -— Р 
conductor is placed between two poles of two magnets, as shown. L S| ROS 
The conductor will experience a force in the direction towards 9 

(A)P B)O . (C) R (D)S 


Figure shows a square current carrying loop ABCD of side 10 cm and 
current i= 10A. The magnetic moment M oftheloop is 


(A) (0.05) (i. ВЮ - m? (В) (0.05) (j+k)A-m?> — 
(С) (0.05) (уі  k)A — m? (D) fi. k)A m? ка 


ONE OR MORE ТНАМ. ОМЕ ОРТІОМ, МАУ BE CORRECT. 





Take approx. 3 minutes for answering each question. 


2041 


о 


\ 


In the following hexagons, made up of two different material P and Q, current enters and leaves from 
points X and Y respectively. In which case the magnetic field at its centre is not zero. 


О 3 xy С Q ahs Q = 1 P А 

“ с“ амр 6 ЛИЕ Де 1: ла а: лу 
(А)- < мә) (В) < PEN) €. À YD) ( e 
ГАР AQ AQ /Q X Q АР c 
x gl а БЫЎ «А = PNA 


Consider the magnetic field produced by a finitely long current carrying wire. 


T Жу the lines of field will be concentric circles with centres on the wire. 
‚ (B) There can be two points in the same plane where magnetic fields are same. 
JA) There can be large number of points where the magnetic field is same. 
Y- (D) The magnetic field at a point is inversally proportional to the distance ofthe point from the wire. 
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QA Consider three quantities x = E/B, y= „1/ нов andz= ee . Here, / is the length ofa wire, C isa 


capacitance and Risa resistance. All other symbols have standard meanings. 
ҚА) x, y have the same dimensions (Bf. y, z have the same dimensions 
{С 7, x have the same dimensions (D) none of the three pairs have the same dimensions. 


Two long thin, parallel conductors carrying equal currents in the 
same direction are fixed parallel to the x-axis, one passing through 
y =aand the other through y = —а. The resultant magnetic field 
due to the two conductors at any point is B. Which of the 
following are correct? 
_AA) B = 0 for all points on the x-axis 2 
AB)At all points on the y-axis, excluding the origin, В has only a z-component. 
"(C) At all points on the z-axis, excluding the origin, В has only a y-component. 
“(О) B cannot have an x-component. 





Q57 Current flows through uniform, square frames as shown. In which case is the magnetic field at the centre 


of the frame not zero? 


M EA 
«Pt fel eT ADT 


Q o i A wire carrying I is shaped as shown. Section AB is a quarter circle ofradius r. The magnetic field at C 


is directed I 
(A) along the bisector of the angle ACB, away from AB $ Ar 
(В) along the bisector of the angle ACB, towards AB ГА \ i 
«(27 perpendicular to the plane ofthe paper, directed into the paper | \ | 
(D) at an angle 7/4 to the plane of the paper = Te ube 


A long straight wire carries a current along the x-axis. Consider the points А(0, 1, 0), В(0, 1, 1), 
C(1, 0, 1) and D(1, 1, 1). Which of the following pairs of points will have magnetic fields of the same 
magnitude? 

(A) Aand B (В) A and С (C) B and C «РЛ B and D 


In the previous question, if the current is 7 and the magnetic field at D has magnitude B, 


AT Hol 
e B) B= fa. 


ү aa 2X 3n 


(C) B is parallel to the x-axis (В) B makes an angle of 45° with the xy plane 








LA) B= 


Which of the following statement is correct : 
AA) А charged particle enters a region of uniform magnetic field at an angle 85° to magnetic lines of force. 
The path ofthe particle is a circle. 
. (B) Anelectronand proton are moving with the same kinetic energy along the same direction. When they 
pass through uniform magnetic field perpendicular to their direction of motion, they describe circular 
path. 


С) There is no change in the energy ofa charged particle moving in a magnetic field although magnetic 


force acts on it. 
Ef) Two electrons enter with the same speed but in opposite direction in a uniform transverse magnetic 
field. Then the two describe circle of the same radius and these move in the same direction. 
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QAO Two identical charged particles enter a uniform magnetic field with same speed but at angles 30° and 60? 
with field. Let a, b and c be the ratio of their time periods, radii and pitches of the helical paths than 
JA) abc = 1 (В) abc > 1 (C) abc < 1 (D) a = bc 


АТ Consider the following statements regarding a charged particle in a magnetic field . Which of the statements 
are true : 
(A) Starting with zero velocity, it accelerates in a direction perpendicular to the magnetic field. 
(В) While deflecting in magnetic field its energy gradually increases . 
(С) Only the component of magnetic field perpendicular to the direction of motion of the charged 
particle is effective in deflecting it. 
(DZ) Direction of deflecting force on the moving charged particle is perpendicular to its velocity. 


042 Aparticle of charge q and velocity v passes undeflected through a space with non-zero electric field E 
and magnetic field B. The undeflecting conditions will hold if. 
(A) signs of both q and E are reversed. 
(B) signs of both q and B are reversed. 
(C) both B and E are changed in magnitude, but keeping the product of |B] and E fixed. 
_P) ) both B and E are doubled in magnitude. 


о Two charged particle A and В each of charge +e and masses 
12 amu and 13 amu respectively follow a circular trajectory in chamber 
X after the velocity selector as shown in the figure. Both particles 
enter the velocity selector with speed 1.5 х 106 ms-!. A uniform 
magnetic field of strength 1.0 T is maintained within the chamber 
X and in the velocity selector. 





(A) Electric field across the conducting plate of the velocity selector 15 — 106 NC-! i 
(B) Electric field across the conducting plate of the velocity selector is 10° NC! ; 
X(€) The ratio г, /гр ofthe radii of the circular paths for the two particles is m 13. 


(D) The ratio г, /rg ofthe radii of the circular paths for the two particles is 13/1 
Q.J4 Anelectronis moving along the positive X-axis. You want to apply a magnetic field for a short time so 
that the electron may reverse its direction and move parallel to the negative X—axis. This сап be done by 
applying the magnetic field along 
AA) Y-axis AB) Z-axis (C) Y-axis only (D) Z-axis only 


91 5 Inaregion of space, a uniform magnetic field В exists іп the y-direction. A proton 2 
is fired from the origin, with its initial velocity v making a small angle æ with the 
y-direction in the yz plane. In the subsequent motion of the proton, 

А) its x-coordinate can never be positive 
(В) its x- and z-coordinates cannot both be zero at the same time 
(C) its z-coordinate can never be negative x 
(D) its y-coordinate will be proportional to the square of its time of flight 





0.16 | Arod AB moves with а uniform velocity v in a uniform 
magnetic field as shown in figure. А IT 
(A) The rod becomes electrically charged. ue | — 
(B) The end A becomes positively charged. ев 
(С) The end В becomes positively charged. 
(D) The rod becomes hot because of Joule heating. 


M наана 
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V/ them to be scattered, and a focused beam will not 


Question No. 17 to 21 (5 questions) 

The following experiment was performed by J.J. Thomson in order to measure the ratio of the 
charge e to the mass m ofan electron. Figure shows a modern version of Thomson's apparatus. Electrons 
emitted from a hot filament are accelerated by a potential difference V. As the electrons pass through the 
deflector plates, they encounter both electric and magnetic fields. When the electrons leave the plates 
they enter a field-iree region that extends to the fluorescent screen. The beam of electrons can be 
observed as a spot of light on the screen. The entire region in which the electrons travel is evacuated with 
a vacuum pump. 

Thomson's procedure was to first set both the electric and magnetic fields to zero, note the 
position ofthe undeflected electron beam on the screen, then turn on only the electric field and measure 
the resulting deflection. The deflection of an electron in an electric field of magnitude E is given by 
d;-eEL7/2mv?, where L is the length of the deflecting plates, and v is the speed ofthe electron. The 
deflection d, can also be calculated from the total deflection ofthe spot on the screen, d. +d, and the 
geometry ofthe apparatus. In the second part ofthe experiment, Thomson adjusted the magnetic field so 
as to exactly cancel the force applied by the electric field, leaving the electron beam undeflected. This 
gives eE = evB. By combining this relation with the expression for d}, one can calculate the charge to 
mass ratio ofthe electron as a function ofthe known quantities. The result is: 


e 2d E 
m BT 
Why was it important for Thomson to evacuate the air 


from the apparatus? 

(A) Electrons travel faster in a vacuum, making the 
deflection d, smaller. 

(В) Electromagnetic waves propagate іп а vacuum. 

(C) The electron collisions with the air molecules cause 


be produced. 
(D) It was not important and could have been avoided. 





One might have considered a different experiment in which no magnetic field is needed. The ratio e/m 
can then be calculated directly from the expression for d,. Why might Thomson have introduced the 
magnetic field B in his experiment? 

(A) To verify the correctness ofthe equation for the magnetic force. 

(B) To avoid having to measure the electron speed v. 

(C) To cancel unwanted effects of the electric field E. 

(D) To make sure that the electric field does not exert a force on the electron. 


Ifthe electron speed were doubled by increasing the potential difference V, which ofthe following would 
have to be true in order to correctly measure e/m? 

ХА) The magnetic field would have to be cut in half in order to cancel the force applied by the electric field. 
(B) The magnetic field would have to be doubled in order to cancel the force applied by the electric field. 
(C) The length ofthe plates, L, would have to be doubled to keep the deflection, d,, from changing. 
(D) Nothing needs to be changed. 


0.20 The potential difference V. which accelerates the electrons, also creates an electric field. Why did Thomson 


NOT consider the deflection caused this electric field in his experiment? 

(A) This electric field is much weaker than the one between the deflecting plates and can be neglected. 
(B) Only the deflection, d, + 4, caused by the deflecting plates is measured in the experiment. 

(С) There is no deflection from this electric field 

(D) The magnetic field cancels the force caused by this electric field. 
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0.23 


0.24 


01 

0.8 

0,15 
0.22 
0.29 
0.36 
0.43 
0.50 
0.57 
0.64 


If the electron is deflected downward when only the electric field is turned on (as shown in figure) then in 
what directions do the electric and magnetic fields point in the second part of the experiment? 

(A) The electric field points to the bottom, while the magnetic field points into the page. 5 S 
(B) The electric field points to the bottom, while the magnetic field points out ofthe page. 

(C) The electric field points to the top, while the magnetic field points into the page. 

\(DyThe electric field points to the top, while the magnetic field points out of the page. 


A conductor ABCDE, shaped as shown, carries a current і. It is placed in the xy plane with the ends А 
and E on the x-axis. Auniform magnetic field of magnitude B exists in the region. The force acting on it 
will be 

A) zero, if B is in the x-direction 

<В) АВі in the z-direction, if B is in the y-direction 

(О) АВ in the negative y-direction, if B is in the z-direction 
(D) 2aBi, if B is in the x-direction . 
A square loop of side £ is placed in the neighbourhood of an infinitely long straight wire carrying a current 
I,. The loop carries a current L as shown in figure ү 


(A) The magnetic moment of theloop is р, =/ ^Lk | - 
x | 
(В) The magnetic moment of the loop is р, =:—/ *Lk || | 
(С) The potential energy of the loop is minimum 
(D) The torque experienced by the loop is maximum 





The magnetic dipole P „is placed parallel to an infinitely long straight wire as 


shownin figure 

(A) the potential energy ofthe dipole is minimum 
(B) the torque acting on the dipole is zero 

(C) the force acting on the dipoleis zero 


^ D... 
| =" 


(О) none of these 
ANSWER KEY 
ONLY ONE OPTION IS CORRECT. 
D BO. С оо C Q4 A 0:5 VA Q6 A О. 
A. — = wA" ^ Q ТОВ оп B 0.12 C 013 А 014 A 
В CEAS 917€ 018 А Q19 B 0.20 В QUI A 
B 0.23 D 0.24 D 0.25 В 0.26 А Q.27 № 0.28 В 
С 0.30 C 0:312 € 0.32 А 0.33 С 0.34 В 0.35 А 
В 0.37 B 0.38 В 0.39 С 0.40 С Оз A Ол42 р 
С 0.44 С О45 D О46 А 0.47 С 0.48 С 0.49 С 
В 0.51 А 0.52 В 0.53 А 0.54 С 0.55 D 0.56 D 
А 05% D 0.595 А 060 А Q6l B 0.62 B 0.63 А 
В 0.65 В 0.66 В 0.67 А 
ONE OR MORE THAN ONE OPTION MAY BE CORRECT. 
Ql А 02 ABC 03 AB,C 04 AB,C.D 
о "c 06 С 07 BD 08 AD 
09 BC 0.10 AD ол CD Q.12 D 
0.13 С 0.14 AB 0.15 А. 016 В 
0.17 C 0.18 В 0.19 A 0.20 С 
0.21 D 0.22 ABC 023 А 024 С 
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Time Limit : 2 Sitting Each of 90 minutes. duration approx. 





Objective Ouestion Bank On Mechanical Waves 


There are 76 questions in this question bank. 


Q.1 


Q.2 


0.3 


0.4 


0.5 


0.6 


0.7 


0.3 \ 


An open organ pipe of length L vibrates in second harmonic mode. The pressure vibration is maximum 
(A) at the two ends (B) at a distance L/4 from either end inside the tube 
(C) at the mid-point ofthe tube (D) none ofthese 


Figure shown the shape of part of a long string in which 
transverse waves are produced by attaching one end of the 
string to tuning fork of frequency 250 Hz. What is the velocity 
ofthe waves? 

(А) 1.0 ms (B) 1.5 ms 

(C) 2.0 ms (D) 2.5 ms 





A sinusoidal progressive wave is generated in a string. It’s equation is given by 
y = (2 mm) sin (27x — 100 nt + 1/3). The time when particle at x = 4 m first passes through mean 
position, will be 


1 1 1 1 
(A) 150 596 (В) 12 596 (С) 300 596 (D) 160. 886 
A block of mass 1 kg is hanging vertically from a string of length 1 m and HH! 


mass/length = 0.001 Kg/m. A small pulse is generated at its lower end. The pulse 
reaches the top end in approximately 
(A) 0.2 sec (B) 0.1 sec (C) 0.02 sec (D) 0.01 sec 


Find the resultant of 2 wave progressing along x-axis. 

y, =3 sin (3t — 6x) 

y; =- 4 cos(3t — бх) 
(A) 5 sin (3t - 6x - 37°) (В) 5 sin (3t — 6x + 53°) 
(С) 5 sin (3t — бх ~ 53°) (D) None 


A pulse shown here is reflected from the rigid wall A 


and then from free end B. The shape of the string 
after these 2 reflection will be A 


An open organ pipe of length / is sounded together with another organ pipe of length / + x in their 
fundamental tones (x «« /). The beat frequency heard will be (speed of sound is v) : 


VM 


P ух 


ух У УХ 
(А) 5 (В) 5 (©) 572 D) 57 


A taut string at both ends vibrates in its п® overtone. The distance between adjacent Node and Antinode 
is found to be 'd'. If the length of the string is L, then 
(A) L=2d (a * 1) (В) L=d(n+ 1) (C) L=2dn (D) L=2d (n- 1) 


——— —————————— ——— $5 
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0.9 


0.10 


Q.1I 


Q.12 


Q.13 


Q.14 


Q.15 


Q.16 


Two waves are propagating along a taut string that coincides with the x-axis. The first wave has the wave 
function y, = Acos [k(x — vt)] and the second has the wave function y = A cos [k(x + vt) + $]. 
(A) For constructive interference at x = 0, ф = л. 
(B) For constructive interference at x = 0, ф = Зл. 
(C) For destructive interference at x = 0, ф = л. 
(D) For destructive interference at x = 0, ф = 27. 
* 
The second overtone of an open organ pipe A and a closed pipe В have the same frequency at a given 
temperature. It follows that the ratio ofthe 
(A) length of A and B is 4 : 3 
(B) fundamental frequencies of A & B is 5 : 6 
(C) lengths of B to that of Ais 5:6 
(D) frequencies of first overtone of A & В is 10:9 


The length, tension, diameter and density ofa wire B are double than the corresponding quantities for 
another stretched wire A. Then. 





1 
(A) Fundamental frequency of B is - = times that of A. 
v 2 


1 
(В) The velocity of wave іп В is = times that of velocity in А. 


(C) The fundamental frequency of A is equal to the third overtone of B. 
(D) The velocity of wave іп В is half that of velocity in A. 


A tuning fork of frequency 280 Hz produces 10 beats per sec when sounded with a vibrating sonometer 
string. When the tension in the string increases slightly, it produces 11 beats per sec. The original frequency 
of the vibrating sonometer string is : 

(A) 269 Hz (B) 291 Hz (C) 270 Hz (D) 290 Hz 


Two whistles A and B each have a frequency of 500Hz. Ais stationary and В is moving towards the right 
(away from A) at a speed of 50 m/s. An observer is between the two whistles moving towards the right 
with a speed of 25 m/s. The velocity of sound in air is 350 m/s. Assume there is no wind. Then which of 
the following statements are true: 

(A) The apparent frequency of whistle B as heard by Ais 444Hz approximately 

(B) The apparent frequency of whistle B as heard by the observer is 469Hz approximately 

(C) The difference in the apparent frequencies of A and B as heard by the observer is 4.5 Hz. 

(D) The apparent frequencies of the whistles of each other as heard by A and Bare the same. 


A string 1m long is drawn by a 300Hz vibrator attached to its end. The string vibrates іп 3 segments. 
The speed of transverse waves in the string is equal to 
(A) 100 m/s (B) 200 m/s (C) 300 m/s (D) 400 m/s 


A string vibrates in 5 segments to a frequency of 480 Hz. The frequency that will cause it to vibrate 


іп 2 segments will be 
(A) 96 Hz (B) 192 Hz (C) 1200 Hz (D) 2400 Hz 


Two tuning forks A & B produce notes of frequencies 256 Hz & 262 Hz respectively. An unknown note 
sounded at the same time as A produces beats . When the same note is sounded with B, beat frequency 


is twice as large . The unknown frequency could be : 
(A) 268 Hz (B) 260 Hz (C) 250 Hz (D) 242 Hz 
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Q.17 


Q.18 


Q.19 


Q.20 


0.21 


0.22 


0.23 


0.24 


0.25 


0.26 


А transverse wave is described Бу the equation у = A sin [27 (ft – x/A) ]. The maximum particle velocity 
is equal to four times the wave velocity if: 

(A) X = тА/4 (B) А = xA/2 (C) А = xA (D) А = 27А 

А wave is propagating along x-axis. The displacement of particles of the medium in z-direction at = 0 
is given by: z= ехр[ -(х + 2)?] , where ‘x’ is in meters. At t= 1s, the same wave disturbance is given by: 
z= exp[ - (2 - xy? ]. Then, the wave propagation velocity is 

(A) 4 m/s in +x direction (В) 4 m/s in -x direction 

(С) 2 m/sin +x direction (D) 2 m/s in -x direction 


Which of the following graphs is/are correct. 


Xx 
ae ее 5 T. 
Bru rA. Ез ea 
22 — $3 Bg 28 
IS ^ T-constant) $8 за TOR 
zr ” v Eu 
(A) =i B): (C) ss Ња (EE 
2 = 
9% Es 

ressure Temperature -E n 7 < Length of organ pipe 
Tension 





In a situation, wind is blowing from source to observer. The wavelength of sound heard by stationary 
observer in the medium due to sound produced by the fixed source. 

(A) increases (B) decreases 

(C) remains same (D) can't be determine 


In atest of subsonic Jet flies over head at an altitude of 100 m. The sound intensity on the ground as the 
Jet passes overhead is 160 dB. At what altitude should the plane fly so that the ground noise is not 
greater than 120 dB. 

(A) above 10 km from ground (В) above 1 km from ground 

(C) above 5 km from ground (D) above 8 km from ground 


The frequency changes by 10% as a sound source approaches a stationary observer with constant 
speed v_, What would be the percentage change in frequency as the source recedes the observer with 
the same speed. Given that v, < v. (v = speed of sound in air) 








(A) 14.395 (B) 20% (C) 10.096 (D) 8.5% 

Four open organ pipes of different lengths and different gases H, 

at same temperature as shown in figure. Let f}, fp, fo and fp be | N 

their fundamental frequencies then :[Take Yco, = 7/5] | 7 Ї | ae о, 
a 2 21/3 

(А) = 4/2 (B) £f. = [72/28 | ү | || | | 

(С) = 1/28 (D) уе, =./76/11 айы әле -0) 


A sufficiently long close organ pipe has a small hole at its bottom. Initially the pipe is empty. Water is 
poured into the pipe at a constant rate. The fundamental frequency of the air column in the pipe 
(A) continuously increasing (B) first increases and them becomes constant 
(C) continuously decreases (D) first decreases and them become constant 


Atuning fork of frequency 340 Hz is vibrated just above a cylindrical tube of length 120 cm. Water is 
slowly poured in the tube. Ifthe speed of sound is 340 ms ! then the minimum height of water required 
for resonance is: 

(A) 95 cm (B) 75 cm (C) 45 cm (D) 25 cm 

A metallic wire of length L is fixed between two rigid supports. Ifthe wire is cooled through a temperature 
difference AT (Y = young’s modulus, р = density, a = coefficient of linear expansion) then the frequency 
of transverse vibration is proportional to : 


а Ya. p - . [pa 
(A) JY (B) PED (С) Wa (D) 2 
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A source of sound moves towards ап observer 

(A) the frequency of the source is increased. 

(B) the velocity of sound in the medium is increased. 

(C) the wavelength of sound in the medium towards the observer is decreased. 
(D) the amplitude of vibration of the particles is increased. 


A string is fixed at both ends vibrates in a resonant mode with a separation 2.0 cm between the consecutive 
nodes. For the next higher resonant frequency, this separation is reduced to 1.6 cm. The length ofthe 
string is 

(А) 4.0cm (В) 8.0 cm (С) 12.0 сш (Б) 16.0 ст 

А саг moves towards a hill with speed v,. It blows a horn of frequency f which is heared Бу an observer 
following the car with speed v}. The speed of sound in air is v. 


(A) the wavelength of sound reaching the hill is E 





(B) the wavelength of sound reaching the hill is M A 


vtV. 
(C) the beat frequency observed by the observer is Ex) 


2v (vt+v,)f 
(D) the beat frequency observed by the observer is ШУЫ ed 
A gasis filled in an organ pipe and it is sounded with an organ pipe in fundamental mode. Choose the 
correct statement(s) : (T = constant) 
(A) If gas is changed from H. to O,, the resonant frequency will increase 
(B) If gas is changed from 0, to N, the resonant frequency will increase 
(C) If gas is changed from N, to He, the resonant frequency will decrease 


(D) If gas is changed from He to CH,, the resonant frequency will decrease 


A composition string is made up by joining two strings of different masses per unit length — рапа 4ц. 
The composite string is under the same tension. A transverse wave pulse : Y = (6 mm) sin(5t + 40x), 
where ‘t’ isin seconds and ‘x’ in meters, is sent along the lighter string towards the joint. The joint is at 


: х= 0. The equation of the wave pulse reflected from the joint is 


(A) (2 mm) sin(St — 40x) (В) (4 mm) sin(40x - 5t) 
(C) - (2 mm) sin(5t — 40x) (D) (2 mm) sin (St - 10x) 


In the previous question, the percentage of power transmitted to the heavier string through the joint is 
approximately 
(A) 33% (B) 89% (C) 67% (D) 75% 


A wave travels uniformly in all directions from a point source in an isotropic medium. The displacement 
ofthe medium at any point at a distance r from the source may be represented by 
(A is a constant representing strength of source) 


(A) [A/ vr ]sin(kr — ot) (B) [A/r] sin (kr — ot) 
(C) [Ar] sin (kr — ot) (D) [A/r?] sin (kr - ot) 


Three coherent waves of equal frequencies having amplitude 10 um, 4um and 7 um respectively, arrive 
at a given point with successive phase difference of 1/2. The amplitude of the resulting wave in mm is 
given by 

(A) 5 (В)6 (С)3 (D)4 
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An organ pipe P, closed at one end vibrating in its first overtone. Another pipe P, open at both ends is 
vibrating in its third overtone. They are in a resonance with a given tuning fork. The ratio of the length of 
P, to that of P, is : 

(A) 8/3 (B) 3/8 (C) 1/2 (D) 1/3 


Ina closed end pipe of length 105 cm, standing waves are set up corresponding to the third overtone. 
What distance from the closed end, amongst the following, is a pressure Node? 
(A) 20 cm (B) 60 cm (C) 85 cm (D) 45 cm 


А pipe's lower end is immersed in water such that the length of air column from the top open end has а 
certain length 25 cm. The speed of sound in air is 350 m/s. The air column is found to resonate with a 
tuning fork of frequency 1750 Hz. By what minimum distance should the pipe be raised in order to make 
the air column resonate again with the same tuning fork? 

(A) 7 cm (В) 5 cm (С) 35 cm (D) 10 cm 


The vibration of a string fixed at both ends are described by Y= 2 ѕіп(лх) sin(100nt) where Y is in mm,x 
isincm,tin sec then 

(A)Maximum displacement ofthe particle at x — 1/6 cm would be 1 mm. 

(B) velocity ofthe particle at x = 1/6 cm at time t = 1/600 sec will be 157 V3 mm/s 

(С) If the length of the string be 10 cm, number of loop in it would be 5 

(D) None of these 


A perfectly elastic uniform string is suspended vertically with its upper end fixed to the ceiling and the 
lower end loaded with the weight. If a transverse wave is imparted to the lower end of the string, the 


pulse will 
(A) not travel along the length of the string (B) travel upwards with increasing speed 
(C) travel upwards with decreasing speed (D) travelled upwards with constant acceleration 


A wave is represented by the equation y = 10 sin 21(1004-0.02х) + 10 sin 21(1004--0.02х). 
The maximum amplitude and loop length are respectively 

(A) 20 units and 30 units (B) 20 units and 25 units 

(C) 30 units and 20 units (D) 25 units and 20 units 


The length, tension, diameter and density of a wire B are double than the corresponding quantities for 
another stretched wire A. Then 

(A) fundamental frequency of B is 1/22 times that of A. 

(B) the velocity of wave in В is 1/V2 times that of velocity in A. 

(C) the fundamental frequency of A is equal to the third overtone of B. 

(D) the velocity of wave in В is half that of velocity in А. 


20 
A standing wave y =A sin E п x cos (100071) is maintained in a taut string where y and x аге 


expressed in meters. The distance between the successive points oscillating with the amplitude A/2 
across a node is equal to 
(A) 2.5cm (В) 25cm (C) 5cm (D) 10cm 


x 
A plane wave y=A sin œ (а z х) undergo a normal incidence оп а plane boundary separating medium 


М, and M, and splits into a reflected and transmitted wave having speeds v, and у, then 
(A) for all values of v, and v, the phase of transmitted wave is same as that of incident wave 
(B) for all values of v, and v, the phase of reflected wave is same as that of incident wave 
(C) the phase of transmitted wave depends upon v, and v, 

(D) the phase of reflected wave depends upon v, and v, 
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A wire under tension between two fixed points А and В, executes transverse vibrations іп lowest mode 
so that the mid point О of AB is a node. Then 

(A) all points of the wire between A and B are in the same phase 

(B) all points between A and O are in the same phase 

(С) any point between A and О and any point between О and В have a phase difference of 7/2 

(D) апу point between А and О and any point between О and В һауе a phase difference of x. 


In case of closed organ pipe which harmonic the p? overtone will be 
(A) 2р+1 (B) 2p-! (C) p+] (D) р-1 


A wave equation is given as v = cos(500t — 70x). where у isin mm, x in m adn t isin sec. 
(A) the wave must be a transverse porpagating wave. 

(В) The speed of the wave is 50/7 m/s 

(C) The frequency of oscillations 1000r Hz 

(D) Two closest points which are in same phase have separation 207/7 cm. 


Which ofthe following statements are wrong about the velocity of sound in air: 
(A) decreases with increases in temperature (В) increases with decrease in temperature 
(C) decreases as humidity increases (D) independent of density of air. 


A clamped string is oscillating in nth harmonic, then 

(A) total energy of oscillations will be п? times that of fundamental frequency 

(B) total energy of oscillations will be (n-1) times that of fundamental frequency 

(C) average kinetic energy of the string over a complete oscillations is half of that of the total 
energy of the string. 

(D) none of these 


A string of length 1m and linear mass density 0.01kgm is stretched to a tension of 100N. When both 
ends of the string are fixed, the three lowest frequencies for standing wave are $, f, and Ё. When only 


(опе end of the string is fixed, the three lowest frequencies for standing wave are n., n, and n3. Then 


(A) n, = 5n, = f, = 125 Hz (B) £ = 5f =n, = 125 Hz 
{+f 


(C) f£ =n = 3f, = 150 Hz (0) n, = —5— = 75 Hz 


Consider two sound sources S, and S, having same frequency 100Hz 
and the observer O located between them as shown in the fig. All the 





three are moving with same velocity in same direction. The beat frequency ees а 
of the observer is S,30ms! O30ms! 5, 30ms™! 
(А) 50Hz (B)5Hz . (C) zero (D) 2.5 Hz 


А 2.0m long string with a linear mass density of 5.2 x 10? kg mr! and tension 52N has both of its ends 
fixed. It vibrates in a standing wave pattern with four antinodes. Frequency of the vibration is 
(A) 75 Hz (B) 150 Hz ' (©) 100 Hz (D) 50 Hz 


An isotropic point source emits sound ofa single frequency. The amplitude of the sound wave at a 
distance r from the source is proportional to r^. The value of nis 


буо ы (В) v2 (С)1 (D) 1/2 
Ап engine whistling at a constant frequency n, and moving with а constant velocity goes past a stationary 


Observer. As the engine crosses him, the frequency of the sound heard by him changes by a factor f. The 
actual difference in the frequencies ofthe sound heard by him before and after the engine crosses him is 


г 





І [ea Es ТЕ 
(А) 1-8) (8): 2% f (On 177] OO WIFE 
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A closed organ pipe о length 1.2 m vibrates іп its first overtone mode. The pressure variation is maximum at: 
(A) 0.8 m from the open end (B) 0.4 m from the open end 
(C) at the open end (D) 1.0 m from the open end 


The figure shows four progressive waves А, B, C & О. It can be concluded from the figure that with 

respect to wave А: 

(A) the wave C is ahead by a phase angle of 
1/2 & the wave B lags behind by a phase 
angle 7/2 

(B) the waveC lags behind by a phase angle 
of 1/2 & the wave B is ahead by a phase 
angle of 1/2 

(C)  thewaveC is ahead by a phase angle of 
п & the wave B lags behind by the phase 
angle of 7 

(D)  thewaveD lags behind by a phase angle 
of  & the wave B is ahead by a phase 
angle of Т. 

The resultant amplitude due to superposition of two waves y, = 5sin (wt — kx) and 

y, = —5 cos (wt – kx – 150?) 


(A) 5 (B) 5/3 (С) 52 - J3 (D) 542 J3 


A closed organ pipe and an open pipe of same length produce 4 beats when they are set into vibrations 
simultaneously. If the length of each of them were twice their initial lengths, the number of beats produced 
will be 


(A) 2 (B)4 (С) 1 (D)8 


Source and observer both start moving simultaneously from origin, one along x-axis and the other along 
y-axis with speed of source = twice the speed of observer. The graph between the apparent frequency 
observed by observer f and time t would approximately be : 


f 








A closed organ pipe of radius г, and an organ pipe of radius г, and having same length 'L' resonate when 
excited with a given tunning fork. Closed organ pipe resonates in its fundamental mode where as open 
organ pipe resonates in its first overtone, then 

(A)r-r,7L (B) r,- г, = L/2 (С) r- 2г=250  (D)2r-r-25L 


A stationary sound source 's' of frequency 334 Hz and a stationary observer 'O' are placed near a 

reflecting surface moving away from the source with velocity 2 m/sec as shown in the figure. If the 

velocity of the sound waves is air is V = 330 m/sec, the apparent frequency of the echo is 

(A) 332 Hz (B) 326 Hz m. c 

(C) 334 Hz (D) 330 Hz мі p= 
їн 
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A person standing at a distance of 6 m from a source of sound receives sound wave 
in two ways, one directly from the source and other after reflection from a rigid 
boundary as shown in the figure. The maximum wavelength for which, the person 
will receive maximum sound intensity, is 


16 8 
(A)4m (В) > m (C)2m (D); m | 





A listender is at rest w.r.t. the source of sound. A wind starts blowing along the line joining the source and 
the observer. Then 

(A) frequency and wavelength will not change. 

(B) frequency and velocity of sound will not change. 

(C) frequency and time period will not change. 

(D) frequency, time period and wavelength will not change. 

Asource $ of frequency f, and an observer О, moving with speeds у, and у, respectively, are movinng 
away from each other. When they are separated by distance a (t =0), a pulse is emitted by the source. 
This pulse is received by О at time t. then t., is equal to 


a a 











СЕ. Вх Oy у (D) vı + V5 +V, 
$ 2 1 8 s 2 3 


А detector is released from rest over a source of sound of frequency (Hz) 
$ = 10° Hz. The frequency observed by the detector at time t is plotted 


in the graph. The speed of sound in air is (g = 10 m/s?) 20005-96. 
(А) 330 m/s (B) 350 m/s 
(C) 300 m/s (D) 310 m/s 1090 





30 t(s) 
The frequency of a sonometer wire is f, but when the weights producing the tensions are completely 
immersed in water the frequency becomes f/2 and on immersing the weights in a certain liquid the 
frequency becomes f/3. The specific gravity of the liquid is: 


d y 16 AB ар 
(A) 5 (B); (O5 (D) 55 

First overtone frequency ofa closed organ pipe is equal to the first overtone frequency of an open organ 
pipe. Further nth harmonic of closed organ pipeis also equal to the mth harmonic of open pipe, where n 
and m are: 


(А) 5, 4 (В) 7. 5 (C) 9, 6 (D) 7,3 


Auniform rope having some mass hanges vertically from a rigid support. A transverse wave pulse is 
produced at the lower end. The speed (v) of the wave pulse varies with height (h) from the lower end аз: 


h h h 
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Ifl, and |, are the lengths of air column for the first and second resonance when a tuning fork of 
frequency n is sounded on a resonance tube, then the distance of the displacement antinode from the top 
end of the resonance tube is: 


1 [5-31 —| 
(A) 20,-1) (B) 5 Ql, -1) Or Oo 
How many times more intense is 90 dB sound than 40 dB sound? 
(A) 5 (B) 50 (C) 500 (D) 10° 


Sound wave is travelling along positive x-direction. Displacement б) ‹ p particles at any time t is as 
shown in figure. Select the wrong statement: 

(A) Particle located at E has its velocity in negative x-direction 
(B) Particle located at D has zero velocity 

(C) Particles located between B and C are under compression 
(D) None ofthe above 





The ratio of intensities between two coherent soud sources is 4 ; 1. The differenmce of loudness in dB 
between maximum and minimum intensities when they interfere in space is: 
(A) 101og 2 (B) 20 log 3 (С) 101063 (D) 201022 


N 


"d я 
The equation of a wave disturbance is given ав: y= 0.02 cos ie *50nt [cos (10nx), where x and y are 


in meters and t in seconds. Choose the wrong statement: 
(A) Antinode occurs at x = 0.3 m (B) The wavelength is 0.2 m 
(C) The speed of teh constituent waves is 4 m/s(D) Node occurs at x = 0.15 m 


The speed of sound in a gas, in which two waves of wavelength 1.0 m and 1.02 m produce 6 beats per 


second, is approximately: 
(A) 350 m/s (B) 300 m/s (C) 380 m/s (D) 410 m/s 


For a certain organ pipe three successive resonance frequencies are observed at 425 Hz, 595 Hz and 
765 Hz respectively. If the speed of sound in air is 340 m/s, then the length of the pipe is: 
(А)2.0т (B)0.4m (C) 1.0m (D) 02 m 


An observer starts moving with uniform acceleration 'a' towards a stationary sound source of frequency 
f. As the observer approaches the source, the apparent frequency f heard by the observer varies with 
timet as: 





A wave represented by the equation y = A cos (kx — ot) is superimposed with another wave to form a 
statioary wave such that the point x =0 is a node. The equation ofthe other wave is: 
(A)-Asin(kx-*ot) (B)-Acos(kx*tot) (C)Asin(kx + ot) (D) A cos (kx + ot) 
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КЕҮ СОМСЕРТ5 


Wave Equation : 
The equation for a progressive wave travelling in the positive x-direction is 


m 
y= 5127 EZ 


where y is the displacemnet at point x, at time t, Ais the amplitude, T is the period and À is the wavelength. 


1 À 
The frequency is т and the velocity of the wave is =. 


The equation for a stationary wave is 


2лх 2nt 
2A cos —— D 
y= | х Іш T 


Pitch, loudness and quality are the characteristics of a musical note. Pitch depends onthe frequency. 
Loudness depends on intensity and quality depends on the waveform ofthe constituent overtones. 
Resonance occurs when the forcing frequency is equal to the natural frequency of a vibrating body. 


P 
Velocity of propagation of sound ша gas = | i , where D is the density of the gas and y is the ratio of 


specific heats. 

Vibrating air columns : 

In a pipe of length L closed at one end, the funamental note has a frequency f, = a where у is the 
velocity of sound in air. 

The first overtone Ё, = еі = 2f, 


Propagation of sound in solids : 
The velocity of propagation ofa longitudinal wave in a rod of Young's modulus Y and density p is given 
by 
М 
у=. 
үр 
The velocity of propagation of a transverse wave in a streched string 


T 
ы 2 


where Т is the tension in the string and mis the mass per unit length of the string. 
In asonometer wire of length L and mass per unit length m under tension T vibrating in n loops 
f= = e 
n 2L Vm 


———— HÁÉá—Ü A ———'——— ——————————— —JJ-————8ümÁ 
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(v) 


© 


(0 
(а) 


(b) 


(c) 


Propagation of sound in gases 


ҮР 
Laplace formula у =, A 
y 


where y is the ratio of specific heats, P is the pressure and p is the density. 


Fa ке 
Vo V Т, 273 


Doppler Effects : 
When a source of sound moves with а velocity у, in a certain direction, the wavelength decreases in front 
of the source and increases behind the source. 





v-v, v у 
(пїїоюм)= 7, ;t-275- 
( ) f; М v-v 


г 
ra 





8 
У+У У V 
== i. 
ШЕ A" уу, 


Here vis the velocity of sound in air. 








A" (behind) = 


V— 





Vo 
The apparent frequency = f, 


Whenthe source is moving towards the observer and the observer is moving away from the source, the 
apparent frequency 





f = 
а у-у, 


f, PEUT. 


When the source and the observer are moving towards each other. 


When the source and observer are moving away from each other, 


V= Vo f 
== a ——— > 
іе 5 Vo о 8 vs 


à у+у, 





When the source is moving away from the observer and the observer is moving towards the source 


V Vg г 





B^ Wee, ^ о % $ % 
Here all velocities are relation (о the medium. 


Loudness of sound : 
The loudness level B of sound is expressed in decibels 


I 
В = 101061 


“о 


where I is the intensity, I) is a reference intensity. 


2 


Beats : 

When two tuning forks of close but different frequencies f, and f, are vibrating simultaneously at nearby 
places, a listener observes a fluctuation in the intensity of sound, called beats. The number of beats heard 
per second is f; – Ё. 
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EXERCISE-I 
Two stationary sources A and В are sounding notes of frequency 680 Hz. An observer moves from A to 
B witha constant velocity u. If the speed of sound is 340 ms“, what must be the value ofu so that he 
hears 10 beats per second? 


Find the intensity of sound wave whose frequency is 250 Hz. The displacement amplitude of particles of 
the medium at this position is 1 x 10-8 т. The density of the medium is 1 kg/m3, bulk modulus of 
elasticity of the medium is 400 №2. 


Two strings A and В with р = 2 kg/m and и = 8 kg/m respectively are joined in series and kept on a 
horizontal table with both the ends fixed. The tension in the string is 200 N. If a pulse of amplitude 1 cm 
travels in A towards the junction, then find the amplitude of reflected and transmitted pulse. 


A parabolic pulse given by equation y (in cm) = 0.3 — 0.1(x — 5t)? (y > 0) x in meter and t in second 
travelling in a uniform string. The pulse passes through a boundary beyond which its velocity becomes 
2.5 m/s. What will be the amplitude of pulse in this medium after transmission? 


A car moving towards a vertical wall sounds a horn. The driver hears that the sound ofthe horn reflected 
from the cliff has a pitch half-octave higher than the actual sound. Find the ratio ofthe velocity ofthe car 
and the velocity of sound. 


The first overtone of a pipe closed at one end resonates with the third harmonic ofa string fixed at its 
ends. The ratio ofthe speed of sound to the speed of transverse wave travelling on the string is 2 :1. Find 
the ratio ofthe length of pipe to the length of string. 


A stretched uniform wire of a sonometer between two fixed knife edges, when vibrates in its second 
harmonic gives 1 beat per second with a vibrating tuning fork of frequency 200 Hz. Find the percentage 
change in the tension of the wire to be in unison with the tuning fork. 


A train blowing its whistle moves with a constant velocity v away from an observer on the ground. The ratio of 
the natural frequency ofthe whistleto that measured by the observer is found to be 1.2. Ifthe trainis at rest 
and the observer moves away fromit at the same velocity, then find the ratio. 


Tuning fork A when sounded with a tuning fork B of frequency 480 Hz gives 5 beats per second. 
When the prongs of A are loaded with wax, it gives 3 beats per second. Find the original frequency 
of A. 


A sound wave of frequency f propagating throughair with a velocity C, is reflected froma surface whi h 
is moving away from the fixed source with a constant speed n . Find the frequency ofthe reflected wave, 
measured by the observer at the position ofthe source. 


The loudness level at a distance R from along linear source of sound is found to be 40dB. At this point, 
the amplitude ofoscillations of air molecules is 0.01 cm. Then find the loudness level & amplitude at a 
point located at a distance '10R' from the source. 


A sonometer wires resonates with a given tuning fork forming standing waves with five antinodes between 
the two bridges when a mass of 9 kg is suspended from the wire. When this mass is replaced by M, the 
wire resonates with the same tuning fork forming three antinodes for the same position of bridges. Find 
the value of M. 


Acar is moving towards a huge wall with a speed = c/10 , where c = speed of sound in still air. A wind 
is also blowing parallel to the velocity of the car in the same direction and with the same speed. If the car 
sounds a horn of frequency f, then what is the frequency ofthe reflected sound ofthe horn heared by 
driver ofthe car? 
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А 40 cm long wire having a mass 3.2 gm and area of c.s. 1 mm? is stretched between the support 
40.05 cm apart. In its fundamental mode. It vibrate with a frequency 1000/64 Hz. Find the young’s 
modulus ofthe wire. 


A steel rod having a length of 1 m is fastened at its middle. Assuming young's modulus to be 
2 x 10!! Pa, and density to be 8 gm/cm? find the fundamental frequency ofthe longitudinal vibration and 
frequency offirst overtone. 


A sound source of small size produces a spherical sound wave with a frequency of 3 kHz іп air. At a 
distance r, = 100 m from the source, the sound loudness level is L, = 60 dB. Find the sound loudness 
level at a distance ofr, = 200 m dB and the distance at which the sound stops being heard km. 


Two identical sounds A and B reach a point in the same phase. The resultant sound is C. The loudness of 
C is п dB higher than the loudness of A. Find the value ofn. 


Sound of wavelength À passes through a Quincke's tube, which is adjusted to give a maximum intensity 
1. Find the distance through the sliding tube should be moved to give an intensity 1/2. 


Inaresonance-column experiment, a long tube, open at the top, is clamped vertically. By a separate 
device, water level inside the tube can be moved up or down. The section of the tube from the open end 
to the water level act as a closed organ pipe. A vibrating tuning fork is held above the open end, and the 
second resonances occur when the water levelis 24.1 cm and 74.1 cm repsectively below the open end. 
Find the diameter of the tube. [Hint : end correction is 0.3 d] | 


Ша mixture of gases, the average number of degrees of freedom per molecule is 6. The rms speed of the 
molecules of the gas is c. Find the velocity of sound in the gas. 


Asonometer wire of length 114 cmis stretched between two fixed points. Two bridges, that should be 
mounted to divide the wire into three segments, such that their fundamental frequencies are in the ratio 
1:3 : 4 must be mounted at distance and _from one fixed end of the wire. 





A fixed source of sound emitting a certain frequency appears as f when the observer is approaching the 
source with speed v and frequency f when the observer recedes from the source with the same speed. 
Find the frequency of the source. 


A, B and C are three tuning forks. Frequency of Ais 350Hz. Beats produced by A and B are 5 per 
second and by B and C are 4 per second. When a wax is put on A beat frequency between A and B is 
2Hz and between A and C is 6Hz. Then, find the frequency of B and C respectively. 
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Q.1 


(a) 
(b) 
(c) 
0.2 


0.3 


(а) 
(b) 


Q.7 


Q8 


EXERCISE-II 
The figure shows a snap photograph ofa vibrating {ме 
string at t= 0. The particle P is observed moving шш; 
up with velocity 207 cm/s. The angle made by 
string with x-axis at P is 6°. 
Find the direction in which the wave is moving 
the equation of the wave 
the total energy carried by the wave per cycle of the string , assuming that p, the mass per unit length of 
the string = 50 gm/m. 







N ini 10” 2 т) 


A uniform rope of length L and mass m is held at one end and whirled in a horizontal circle with angular 
velocity o. Ignore gravity. Find the time required for a transverse wave to travel from one end of the rope 
to the other. 


A symmetrical triangular pulse of maximum height 0.4 m and total length 1 m is moving in the positive 
x-direction on a string on which the wave speed is 24 m/s. At t= 0 the pulse is entirely located between 
x = QO and x= 1 m. Draw a graph of the transverse velocity of particle of string versus time at x — 1m. 


А uniform string 240 cm long maintains a standing wave, with the points on the string at which displacements 
of the amplitude equalling 34/2 mm occur at 20 cm interval along the length of the string. Find : 

the order of the overtone which these oscillations represent 

the maximum amplitude on the wire. 


A steel wire 8 х 10 m in diameter is fixed to a support at one end and is wrapped round a cylindrical 
tuning peg 5 mm in diameter at the other end. The length of the wire between the peg and the support 15 
0.06 m. The wire is initially kept taut but without any tension. What will be the fundamental frequency of 
vibration of the wire if it is tightened by giving the peg a quarter ofa turn? 

Density of steel = 7800 kg/m? Y of steel = 20 х 10'? N/m’. 


The displacement of the medium in a sound wave is given by the equation ; у, = А соз (ax + bt) where 
A,a&b are positive constants. The wave is reflected by an obstacle situated at x = 0. The intensity 
of the reflected wave is 0.64 times that of the incident wave. 

what are the wavelength & frequency of the incident wave. 

write the equation for the reflected wave. 

in the resultant wave formed after reflection, find the maximum & minimum values of the particle speeds 
in the medium. 


The harmonic wave у, = (2.0 x 10-3) совл (2.0x — 504) travels along a string toward a boundary 4 
x = 0 with a second string. The wave speed on the second string is 50 m/s. Write expresions for reflected 
and transmitted waves. Assume SI units. 


Ina stationary wave pattern that forms as a result of reflection of waves from an obstacle the ratio of the 
amplitude at an antinode and a node is В=1.5. What percentage of the energy passes across the obstacle? 


Q.9(a) Astanding wave in second overtone is maintained in a open organ pipe of length /. The distance between 


(b) 
(c) 


Q.10 


consecutive displacement node and pressure node is 
Two consecutive overtones produced by a narrow air r column closed at one end and open at the other 
are 750Hz and 1050Hz. Then the fundamental frequency from the column is 
A standing wave of frequency 1100Hz in a column of methane at 20°C produces nodes that are 
20 cm apart. What is the ratio of the heat capacity at constant pressure to that at constant volume. 








An open organ pipe filled with air has a fundamental frequency 500Hz. The first harmonic of another 
organ pipe closed at one end and filled with carbon dioxide has the same frequency as that of the first 
harmonic of the open organ pipe. Calculate the length of each pipe. Assume that the velocity of sound in 
air and in carbondioxide to be 330 and 264 m/s respectively. 
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0.12 


0.13 
(а) 
(b 


Q.14 


G) 
(0 


Q.15 


(a) 
(b) 
(с) 
(4) 
0.16 


0.17 
0.18 


Astring, 25cm long, having а mass of 0.25 gm/cm, is under tension. A pipe closed at one end is 40cm 
long. When the string is set vibrating in its first overtone, and the air in the pipe in its fundamental 
frequency, 8 beats/sec are heard. It is observed that decreasing the tension in the string, decreases the 
beat frequency. Ifthe speed of sound in air is 320 m/s, find the tension in the string. 


A metal rod of length /= 100 cm is clamped at two points. Distance of each clamp from nearer end is 
a=30cm. If density and Young's modulus of elasticity of rod material are p = 9000 kg m? and Y= 144 GPa 
respectively, calculate minimum and next higher frequency of natural longitudinal oscillations of the rod. 


Two speakers are driven by the same oscillator with frequency 
of 200 Hz. They are located 4 m apart on a vertical pole. 
A man walks straight towards the lower speaker in a direction 
perpendicular to the pole, as shown in figure. 

How many times will he hear a minimum in sound intensity, and 
how far is he from the pole at these moments? 

Take the speed of sound to be 330 m/s, and ignore any sound reflections coming off the ground. 





A cylinder ABC consists of two chambers 1 and 2 which contains А 
two different gases. The wall C is rigid but the walls A and B are thin 
diaphragms. A vibrating tuning fork approaches the wall A with 
velocity u 730 m/s and air columns in chamber 1 and 2 vibrates with 
minimum frequency such that there is node (displacement) at B and 
antinode (displacement) at A. Find ; 

the fundamental frequency of air column, 242 eae 7: ERR 
Find the frequency of tuning fork. eh om 
Assume velocity of sound in the first and second chamber be 1100 m/s and 300 m/s respectively. 
Velocity of sound in air 330 m/s. 





A source emits sound waves of frequency 1000 Hz. The source moves to the right with a speed of 
32 m/s relative to ground. On the right a reflecting surface moves towards left with a speed of 64 m/s 
relative to the ground. The speed of sound in air is 332 m/s. Find 

the wavelength of sound in air by source 

the number of waves arriving per second which meet the reflecting surface. 

the speed of reflected waves. 

the wavelength of reflected waves. 


A supersonic jet plane moves parallel to the ground at speed v = 0.75 mach (1 mach = speed of sound). 
The frequency of its engine sound is v, = 2 kHz and the height of the jat plane is h= 1.5 km. At some 
instant an observer on the ground hears a a sound of frequency v = 2 v, Find the instant prior to the instant 
of hearing when the sound wave received by the observer was emitted by ED jet plane. Velocity of 
sound wave in the condition of observer = 340 m/s. 


A train of length /is moving with'a constant speed v along a circular track of radius R, The engine of the 
train emits a whistle of frequency f. Find the frequency heard by a guard at the rear end ofthe train. 


A bullet travels horizontally at 660 m/s at a height of 5 m from a man. How faris the bullet from the man 
when he hears its whistle? Velocity of sound in air = 340 m/s. 
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EXERCISE-III 


A metallic rod of length 1 m is rigidly clamped at its mid-point . Longitudinal stationary waves are set up 
in the rod in such a way that there are two nodes on either side of the mid-point . The amplitude of an 
antinode is 2x10~m . Write the equation of motion at a point 2 cm from the mid-point and those of the 
constituent waves in the rod. [Young's modulus = 2 х 10!!Nm-?, density = 8000 Kg 3]. 

[JEE '94, 6] 
A whistle emitting a sound of frequency 440 Hz is tied to a string of 1.5 m length and rotated with an 
angular velocity of 20 rad s^! in the horizontal plane . Calculate the range of frequencies heard by an 
observer stationed at a large distance from the whistle . [JEE '96, 3] 


Select the correct alternative : [ТЕЕ '96, 2 x 2=4] 
The extension in a string, obeying Hooke's law is x . The speed of wave in the stretched string is v. If 
the extension in the string is increased to 1.5 x, the speed of wave will be 

(А) 1.22 v (В) 0.61 v (C) 1.50v (D) 0.75 v 


An open pipe is suddenly closed at one end with the result that the frequency of third harmonic ofthe 
closed pipeis found to be higher by 100 Hz than the fundamental frequency ofthe open pipe . The 
fundamental frequency of the open pipe is : 


(A) 200 Hz (B) 300 Hz (C) 240 Hz (D) 480 Hz 

A whistle giving out 450 Hz approaches a stationary observer at a speed of 33 m/s. The frequency heard 
by the observer in Hz is : [JEE '97, 1] 
(A) 409 (B) 429 (C) 517 (D) 500 


The first overtone of an open organ pipe beats with the first overtone ofa closed organ pipe with a beat 
frequency of 2.2 Hz. The fundamental frequency ofthe closed organ pipe is 110 Hz . Find the lengths of 
the pipes. [JEE '97, 5] 


A place progressive wave of frequency 25 Hz, amplitude 2.5 x 10-5 m & initial phase zero propagates 
along the (уе) x-direction with a velocity of 300 m/s . At any instant, the phase difference between the 
oscillations at two points 6 m apart alongthelineofpropagationis ^ &the corresponding amplitude 
differenceis т. [JEE '97, 2] 


A band playing music at a frequency / is moving towards a wall at a speed v, . A motorist is following 
the band with a speed у, . If v is the speed of sound, obtain an expression for the beat frequency hear . 


by the motorist . [JEE '97, 5] 

A travelling in a stretched string is described by the equation у= A sin(kx — ot) . The maximum particle 
velocity is : [JEE '97, 1] 
(A) Ao (B) o/k (C) do/dk (D) хл 

Select the correct alternative(s). [JEE '98, 2+ 2 * 2] 


The (x, y) co-ordinates of the corners ofa square plate are (0, 0) (L, 0) (L, L) & (0, L). The edges 
ofthe plate are clamped & transverse standing waves are set up in it . Ifu (x, y) denotes t he displacement 
ofthe plate at the point (x, y) at some instant of time, the possible expression(s) for u is/are : (a= positive 
constant) 





e NE. { / 
кс pad i = | = 
(A) acos| ^r] соз| | (B) asin| [)Ssn( T 
2195500! =) Эта. (zy) 
(C) asin 5) sin| T^ (D) acos| т | sin| 1^7 
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(ii) 


(a) 
(b) 


Q.13 


Q.14 


Q.15 


A string of length 0.4 m & mass 1072 kgis tightly clamped at its ends. The tension in the string is 1,6 М. 
Identical wave pulses are produced at one end at equal intervals oftüme, At.. The minimum value 
of At which allows ‘constructive interference between successive pulses is : 

(A) 0.055 „ (В) 0.10$ (С) 0.20 s (О) 0.40 $ 


A transverse sinusoidal wave of amplitude a, wavelength ты is travelling oma sttetichedi 


string . The maximum speed of any point on the string ; is —, whereviss eed of о agation oft о the 
string is — , where v is shee о ag tion oft 


wave. Ifa = 10-3 m and = 10 ms! then À & f are given Ww 
VENDI 


(А) ^=2пх 102m (B) À-102m (с) f= Č н, (D) )£— 10 Hz 


The air column in a pipe closed at опе end is made to vibrate in its second overtone by atunimg fonk off 
frequency 440 Hz . The speed of sound in air is 330 ms=!. End corrections may be neglected. Let P, 
denote the mean pressure at any point in the pipe & AP, the marinum amplitudis offpressure variation. 
Find thelength L ofthe air column. [JEE '98,2 -2* 242] 

What is the amplitude of pressure variation at the middle ofthe column ? 

What are the maximum & minimum pressures at the open end ofthe pipe.. 

What аге the maximum & minimum pressures at the closed end of the pipe ? 


In hydrogen spectrum the wvaelength of H, line is 656 nm, whereas im the spectrum ofa distant galaxy, 
H, line wavelength is 706 nm. Estimated speed оће galaxy with respect to earthis, [JEE 99,2) 
(A) 2 x 108 m/s (B) 2 x 107 m/s (C) 2 х 10/5 (D) 2 x 105 m/s 


Along wire PQR is made by joining two wires PQ amd! QR of equal radii. PQ has елей 4.8 m amdi mass 

0.06 ке. QR has length 2.56m and mass 0.2kg. The wire РОК is under a tension of SON. A sinusoidal 
ng the wire PQ fromthe end P. No power is dissipated 

dm the propagation of the wave-pulse. Calculate 

the time taken by the ууауе-ршіе to reach the other end R ofifhewirre, and 

the amplitude ofthe reflected and transmitted wave-pullses after the incident wave-uilse crosses the 

joint Q. [JEE "99, 4+6] 

As a wave progagates : 

(A) the wave intensity remains constant for a plane wave 

(B) the wave intensity decreases as the inverse ofthe distemce fromthe sumce fima spinal wame 

(C) the wave intensity decreases as the inverse sqpaneafithe distance fromthe sounce fierasgiteniaallWásec 

(D) total power of tthe sherical wave over the spherical survace centered at the source remains constant 


at all times. ШЕН: 99,3) 

y (x, t)=0.8/[(4x+ 5t? + 5] represents amowing pulls, witene ж @ y ane immretter amdit im second. Tem: 
(A) pulse is moving in+x direction (В) im2sitwill travel a distance of 2,5 m 

(С) its maximum displacement is 0.16 т (D) itis a symmetric pulse. ШЕЕ ‘989 3] 


In a wave motion y =a sin (Кх — 64), у can represent: 
(A) electric fieldield (В) magnetic беа (С) displacement (D) pressure |ЛЕЕ 99,3) 


Standing waves can be produced : | “ПІНЗҒ 99:31 
(А) опа string clamped at both the ends 

(B) ona string clamped at one end and free at the other 

(С) when incident wave gets reflected froma wall 

(D) when two identical waves with a phase diffènemceafip are moving im same dinectiiom 


A train moves towards a stationary observer with speed 34m/s. The train sounds a whistle and its 
frequency registered bp thd советі fTf tHeltcamisspepdesiedudeddd d 1i ву ре Brefruenenregistésect cd 
is f}. Ifthe speed offsound is Ow зоо nati fi ffiss [IBEO 6%) 11] 
(А) 18/19 (В) 1/2 (C)2 (D) 19/18 
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(b) 


Q.24 


Q.25 


Two monatomic ideal gases 1 and 2 of molecular masses m, and m, respectively are enclosed in separate 
container kept at the same temperature. The ratio ofthe speed of sound in gas 1 to that in gas 2 is given by 


m, [m s m, 
(A) үт, В) үт Cn, (D) т, [EE 2000 (Scr) 


Two vibrating strings of the same material but lengths L and 2L have radii 2r and r respectively. They are 
stretched under the same tension . Both the strings vibrate in their fundamental modes, the one of length 
L with frequency f, and the other with frequency f,. The ratio f,/f, is given by 

(A)2 (В) 4 (C)8 (D)1 [ЕЕ 2000 (Scr), 1] 


A 3.6 m long vertical pipe resonates with a source of frequency 212.5 Hz when water level is at certain 

heights in the pipe . Find the heights of water level (from the bottom of the pipe) at which resonances 
occur . Neglect end correction . Now, the pipe is filled to a height H (~3.6 m). A small hole is drilled 
very close to its bottom and water is allowed to leak. Obtain an expression for the rate of fall of water 
level іп the pipe as a function of H. If the radii of the pipe and the hole are 2 x 10-2 mand 1 x 10-3 т 
respectively, calculate the time interval between the occurence of first two resonances . Speed of sound 
in air is 340 m/s and g = 10 m/s? . ШЕЕ 2000, 10] 


The ends ofa stretched wire of length L are fixed at x = 0 and x = L. In one experiment, the displacement 
ofthe wire is y, = A sin(tx/L) sin ot and energy is E, and in another experiment its displacement is 
y,=Asin(27x/L) sin 201 and energy is E,. Then [JEE 2001 (Scr)] 
(A)E, =E, (B) E, -2E, (C) E,-4E, (D) E, = 16E, 


Two pulses ina stretched string whose centres are initially 8 cm apart are moving Aat 
towards each other as shown in figure. The speed ofeach pulse is 2 cm/s. After _/ X 
2 seconds, the total energy ofthe pulses will be \ 
(А) zero (В) purely kinetic рет м 
(C) purely potential (D) partly kinetic and partly potential 

ПЕЕ 2001 (Scr)] 

A boat is travelling in a river with a speed of 10 m/s along the stream flowing with a speed 2 m/s. From 
this boat, a sound transmitter is lowered into the river through a rigid support. The wavelength of the 
sound emitted from the transmitter inside the water is 14.45 mm. Assume that attenuation of sound in 
water and air is negligible. 

What will be the frequency detected by a receiver kept inside the river downstream ? 

The transmitter and the receiver are now pulled up into air. The air is blowing with a speed 5 m/sec in th : 
direction opposite the river stream. Determine the frequency of the sound detected by the receiver. 
(Temperature of the air and water = 20°C ; Density of river water = 10? Kg/m?; Bulk modulus of the 
water = 2.088 x 10? Pa; Gas constant В = 8.31 J/mol-K; Mean molecular mass of 
air = 28.8 x 10% kg/mol; С/С, for air = 1.4) [JEE 2001, 5 + 5] 


Asiren placed at a railway platform is emitting sound of frequency 5 kHz. A passenger sitting in a moving 
train A records a frequency of 5.5 kHz while the train approaches the siren. During his return journey in 
a different train B he records a frequency of 6.0 kHz while approaching the same siren. The ratio of the 
velocity of train B to that oftrain A is [JEE 2002 (Scr), 3] 
(A) 242/252 (B)2 (C) 5/6 (D) 11/6 

A sonometer wire resonates with a given tuning fork forming standing waves with five antinodes between 
the two bridges when a mass of 9 kg is suspended from the wire. When this mass is replaced by a mass 
M, the wire resonates with the same tuning fork forming three antinodes for the same positions of the 
bridges. The value of M is [JEE 2002 (Scr), 3] 
(A)25 kg (B)5kg (C) 12.5 kg (D) 1/25 kg 
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Q.27 


Q.28 


Q.29 


Q.30 


Q.31 


Q.34 


Q.35 


Q.36 


Two narrow cylindrical pipes A and B have the same length. Pipe Ais open at both ends and is filled with 
a monoatomic gas of malar mass M,. Pipe В is open at one end and closed at the other end, and is filled 
with a diatomic gas of molar mass Mp. Both gases are at the same temperature. 

Ifthe frequency ofthe second harmonic ofthe fundamental mode in pipe A is equal to the frequency of 
the third harmonic ofthe fundamental mode in pipe B, determine the value of M,/Mg. 

Now the open end of pipe B is also closed (so that the pipeis closed at both ends). Find the ratio ofthe 
fundamental frequency in pipe A to that in pipe B. [JEE 2002, 3 + 2] 


A police van moving with velocity 22 m/s and emitting sound of frequency 176 Hz, follows a motor cycle 
in turn is moving towards a stationary car and away from the police van. The stationary car is emitting 
frequency 165 Hz. If motorcyclist does not hear any beats then his velocity is [JEE 2003 (Scr)] 

(A) 22 m/s (B) 24 m/s (C) 20 m/s (D) 18 m/s 


A cylindrical tube when sounded with a tuning fork gives, first resonance when length of air column is 0. 1 
and gives second resonance when the length of air column is 0.35 m. Then end correction is 


(A) 0.025 m (B) 0.020 m (C) 0.018 m (D) 0.012 т 
[JEE 2003 (Scr)] 
Astringe between x = 0 and x =/ vibrates in fundamental mode. The amplitude A, tension T and mass 
per unit length р 15 given. Find the total energy of the string. [JEE 2003] 
x=0 х= 
A tuning fork of frequency 480 Hz resonates with a tube closed at one end of length, 16 cm and diameter 
5 cm in fundamental mode. Calculate velocity of sound in air. [JEE 2003] 


A closed organ pipe of length L and an open organ pipe contain gases of densities p, and p, respectively. 
The compressibility of gases are equal in both the pipes. Both the pipes are vibrating in their first overtone 
with same frequency. The length ofthe open organ pipe is [JEE' 2004 (Scr)] 


L 4L AL |р 4L | p2 
A source of sound of frequency 600 Hz is placed inside water. The speed of sound in water is 


1500m/s and in air it is 300m/s. The frequency of sound recorded by an observer who is standing in air is 
(A) 200 Hz (B) 3000 Hz (C) 120 Hz (D)600Hz [JEE'2004 (Scr)] 


A string fixed at both ends is in resonance in its 2nd harmonic with a tuning fork of frequency f,. Now its 
one end becomes free. If the frequency of the tuning fork is increased slowly from f, then again a 
resonance is obtained when the frequency is f}. Ifin this case the string vibrates in nth harmonic then 


> 


3 5 5 3 
(A)n73,£ - f, (Вуп-3,5--4 (On-55$-1f (D)n=5,6=7 f, 


4 

[JEE' 2005 (Scr)] 
In a resonance column method, resonance occurs at two successive level of /,=30.7 cm and /, = 63.2 
cm using a tuning fork of f= 512 Hz. What is the maximum error in measuring speed of sound using 
relations v=fA & A= 2(1,-1,) 
(A) 256 cm/sec (B) 92 cm/sec (C) 128 cm/sec (D) 102.4 cm/sec 

[JEE' 2005 (Scr)] 
A whistling train approaches a junction. An observer standing at junction observers the frequency to be 
2.2 KHz and 1.8 KHz of the approaching and the receding train. Find the speed of the train (speed 
sound = 300 m/s). [JEE 2005] 


A transverse harmonic disturbance is produced іп a string. The maximum transverse velocity is 3 m/s and 
maximum transverse acceleration is 90 m/s?. If the wave velocity is 20 m/s then find the waveform. 
[JEE 2005] 
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EXERCISE-I 
2 -9 
10 1 2 

Q1 25ms! Q2 TC Win? Оз А---оһА- lcm Q402cm 
Q5 1:5 Q6 1:1 Q7 1% 08 125 Q.9 485Hz 

fíC—v) бе” 
quiere: 0411 304В, 10.10 um 012 25kg 0413 11£/9 
014 1x10 Nm? 0.15 2.5kHz,7.5 kHz 
0.16 54,100 0176 018 48 019 3cm 

Ё + 

0.20 2c5 0.21 72, 96 or 18, 42 оз +— Q.23 345, 341 or 349 Hz 


EXERCISE-II 


Q.1  (a)negativex; (b) y 2 4x10? sin оҳу з: + 0.5х + Ж Joc yin meten ; (с) 721? x105 J 


v 





n 192m/s 
32 A 
Q Jan Q.3 
"n —19.2m/s 
0.4 (а) 5, 11 (b) 6mm; 3/2 mm Q.5  10800Hz 


Q.6 (a) 2 п/а, Ь/2т, (b) y, = + 0.8 А cos (ах- bt), (с) max.-1.8b A, min. = 0, 
07 (a) 6.67 x 104 cos n (2.0x+50t); (5)2.67 x 10? созт (1.0x — 50t) SI units 


Q8 96% 0.9 (а) 16; (Ы) 150 Hz; (c)1.28 010 33 cmand 13.2 cm 

0.11 67.6N 0.12 10kHz, 30kHz 0.13 (a)2;(b) 9.28 mand 1.99 m 

0.14 1650Hz, 1500 Hz 

0.15 (a) 0.3 m, (б) 1320, (с) 332 m/s, (d)0.2m 0.16 5.9 sec 0.17 f 0.18 9.7m 


EXERCISE-III 
Q.] у-2х105іп(0.1усов(25000 nt 40), for @ =0: y, —10- sin (51x 25000n1), y, -10 6 sin (5лх + 25000 ті) 











Q2 fray 484 HZ, fmin = 403.3 Hz Q3 WA, GA 
04 D 0.5  L,=0.75m; L,=0.99 mor 1.006 m Об mrad, Om 
2У,(У-у,)Ғ 
0.7 2 О8 А | Q9 (ОВ, С(Ш)В, (ШАС 
. 15. БОЛ ' 
010 () L7 тель () 75 Ë) РР 7 Po, Gv) P, = Pot Po» Pin Po-A Po оп B 
12 (s) Times 140 ms, (b) A,» нады: TARNA 
Q. (a) Time = ms, (b) A ine on; Se А у ;=2 ст 
0.13 ACD 0.14 В, СО 0.15 АВ, С 016 A,B,C 0.17 D 
018 B Q19 D 020 һ-32, 24, 16, 08, 0;у=5х 10? JSH ; At= 80 (4-243) 
021 С 022 В 0.23 (а)100696 Нг (Ы) 103038 Hz 024 В Q25 A 
3 212Т 
0.26 (а) 2.116, (b) 2 027 A 0.28 А 0.29 E= 1] О.30 336m/s 
031 С 032 D Q33 C Q34 D Оз5У,=30ш% 


3 
0.36 у=(10 ст) sin(30t+ 2х+$) 
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QUESTION FOR SHORT ANSWER 
ATOMIC PHYSICS 


In the photoelectric effect, why does the existence of a cutoff frequency speak in favour of the photon 
theory and against the wave theory? 


Explain the statement that one's eyes could not detect faint starlight if light were not particle-like. 


How can a photon energy be given by E = hf when the very presence of the frequency fin the formula 
implies that light is a wave? 


The momentum p of a photon is given by p = А. Why is it that c, the speed of light, does not appear in 
this expression? 


Given that E = hf for a photon, the Doppler shift in frequency of radiation from a receding light source 
would seem to indicate a reduced energy for the emitted photons. Is this in fact true? If so, what happened 
to the conservation of energy principle? 

Any series of atomic hydrogen yet to be observed will probably be found in what region of the spectrum? 
Can a hydrogen atom absorb a photon whose energy exceeds its binding energy(13.6 eV)? 

Only a relatively small number of Balmer lines can be observed from laboratory discharge tubes, whereas 
a large number are observed in stellar spectra. Explain this in terms of the small density, high temperature, 


and large volume of gases in stellar atmospheres. 


What is ће origin ofthe cutoff wavelength А, of figure shown? Why is it an important clue to the photon 
nature of x rays? 


Relative in ensity 





30 40 50 60 70 80 90 
Wavelength (pm) 


Can atomic hydrogen be caused to emit x rays? If so, describe how. If not, why not? 


Why is it that Bohr theory, which does not work very well even for helium (Z = 2), gives such a good 
account ofthe characteristic x-ray spectra ofthe elements, or at least of that portion that originates deep 
within the atom? 

The ionization potential of hydrogen is 13.6 V. Yet to obtain discharge in a cathode ray tube filled with 
hydrogen, a very high voltage ( —10^V) has to be applied across the tube. Explain this clearly. Also 
explain why the gas must be at low pressure to obtain discharge. 
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X-rays are produced when a fast electron hits a proper target. What happens to the electron? 
Why does the tail of a comet always point away from the sun? 
A neutron pion at rest decays into two gamma photons. 
ен 
Why cannot a single photon be born? What conservation law is in contradiction with it? 
What is so special about e/m rather than e end m separately? 


Why is it advisable to view a TV screen froma distance of about ten feet? 


The electrical conductivity of a gas increases when X-rays or y-rays pass through it. Explain this 
phenomenon. 


In photoelectric emission exchange of energy takes place among... (photon and electron/ photon, electron 
and lattice). 


The threshold frequencies for photoemission for three metals numbered 1,2,3 are respectively v,, v.. v, 
and v, > v, > v,. An incident radiation of frequency v, > v, ... cause photoemission from 3 but... cause 
photoemission from 1 (fill in the gaps with may, may not / will certainly). 


NUCLEAR PHYSICS 


Why does the relative importance of the Coulomb force compared to the strong nuclear force increase 
at large mass numbers? 


In your body, are there more neutrons than protons? More protons than electrons? Discuss 


Why is the binding energy per nucleon (see figure) low at low mass numbers? At high mass numbers? 


Region of greatest 
stability _ 


Fission 











ee er 


РЕ [Ве 120% 


Binding energy рег nucleon {MeV) 


0 20 40 60 80 100 120 140 160 180 200 220 240 
Mass number, A 


A radioactive nucleus can emit a positron, e*. This corresponds to a proton in the nucleus being converted to a 
neutron. The mass ofa neutron, however, is greater than that ofa proton. How then can positron emission occur? 


In beta decay the emitted electrons form a continuous spectrum, but in alpha decay the alpha particles 
form a discrete spectrum. What difficulties did this cause in the explanation of beta decay, and how were 
these difficulties finally overcome? 
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How do neutrinos differ from photons? Each has zero charge and (presumably) zero rest mass апа 
travels at the speed of light. 


In radioactive dating with ?*U, how do you get around the fact that you do not know how much 258) 
was present in the rocks to begin with? (Hint: What is the ultimate decay product of ?*U?) 


If it is so much harder to get a nucleon out of a nucleus than to get an electron out of an atom, why try? 


In the generalized equation for the fission of??U by thermal neutrons, ??U + n — X +Y + bn, do you 
expect the Q ofthe reaction to depend on the identity of X and Y? 


The half-life of ?*U is 7.0 x 10* y. Discuss the assertion that ifit had turned out to be shorter by a factor 
of 10 or so, there would not be any atomic bombs today. 


The binding energy curve of figure tells us that any nucleus more massive than A ~ 56 can release energy 
by the fission process. Only very massive nuclides seem to do so, however. Why cannot lead, for 
example, release energy by the fission process? 


Region of greatest 
Stability _ 


"usi (s BI “Fission. 
|з, | 
да oTt. 
" Iis 






— 






Binding energy pcr nucleon (MeV) 


0 20 40 60 80 100 120 140 160 180 200 220 240 
Mass number, A 
Elements up to mass number = 56 are created by thermonuclear fusion in the cores of stars. Why are 


heavier elements not also created by this process? 


Which would generate more radioactive waste products :- a fission reactor or a fusion reactor? 
How can Becquerel rays, i.e., the combination of a-, В- and y-rays, be separated? 
When a nucleus undergoes a-decay, is the product atom electrically neutral? In B-decay? 


Experimental results in radioactivity show small variations from the results predicted by theory. Explain 
this. 


If a nucleus emits only a y-rays photon, does its mass number change? Does its mass change? 
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Take approx. 2 minutes for answering each question. 
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Let n, and n, be respectively the number of photons emitted Бу a red bulb and a blue bulb of equal 
power ina given time. 
(А) n,=n, (В) п «n, (С)п >п, (D) data insufficient 


10-3 W of 5000 A light is directed оп a photoelectric cell. If the current in the cell is 0.16 pA, the 
percentage of incident photons which produce photoelectrons, is 

(A) 0.4% (В) .04% (С)20% (О) 10% 

A proton and an electron аге accelerated Бу same potential difference һауе de-Broglie wavelength Ap 
and А... 

(A) A, =A, (B) A <А, ‚ (OX 2X, (D) none of these. 

Two electrons are moving with the same speed v. One electron enters a region ofuniform electric field 
while the other enters a region of uniform magnetic field, then after sometime if the de-Broglie wavelengths 


of the two are A, and À, then: 
(A) à =À, (B)A, > А, (С) A, <A, (D) A, >A, or A, <A, 


In a photo-emissive cell, with exciting wavelength А, the maximum kinetic energy of electron is K. If the 


3X 
exciting wavelength is changed to d the kinetic energy ofthe fastest emitted electron will be: 


(A) 3K/4 (B) 4K/3 (C) less than 4K/3 (D) greater than 4K/3 
Ifthe frequency of light in a photoelectric experiment is doubled, the stopping potential will 
(A) be doubled (B) halved 

(C) become more than doubled (D) become less than double 


An electron with initial kinetic energy of 100 eV.is acceleration through a potential difference of 50 V. 
Now the de-Broglie wavelength of electron becomes 


(АУА (В) V1.5 А (C) V3 A (D) 12.27 À 


If h is Planck’s constant is SI system, the momentum ofa photon of wavelength 0.01 A is: 
(А) 1072 h (B)h (С) 10?h ~(D) 107 h 


The stopping potential for the photo electrons emitted from a metal surface of work function 1.7 eV.is 
10.4 V. Identify the energy levels corresponding to the transitions in hydrogen atom which will result in 
emission of wavelength equal to that of incident radiation for the above photoelectric effect 

(A) n=3 to 1 (В)п-3102 (C)n=2to | (0) n=4to 1 


When a photon of light collides with a metal surface, number of electrons, (if any) coming out is 
(A) only one (B) only two (C) infinite (D) depends upon factors 


Two radioactive material A, and A, have decay constants of 10 A, and Ap. If initially they have same 
number of nuclei, the ratio of number of their undecayed nuclei will be (1/e) after a time 


1 1 1 
(A) 5. (В) ол (C) Тол. (D) 1 
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increased by а factor of two. This will : 

(A) increase the maximum energy of the photoelectrons, as well as photoelectric current by a factor of 
two. 

(B) increase the maximum kinetic energy of the photo electrons and would increase the photoelectric 
current by a factor of two. 

(C) increase the maximum kinetic energy of the photoelectrons by a factor of greater than two and will 
have no effect on the magnitude of photoelectric current produced. 

(D) not produce any effect on the kinetic energy of the emitted electrons but will increase the photoelectric 
current by a factor of two. 


Light coming froma discharge tube filled with hydrogen falls on the cathode of the photoelectric cell. The 
work function of the surface of cathode is 4eV Which one of the following values of the anode voltage 
(in Volts) with respect to the cathode will likely to make the photo current zero. 

(A) -4 (В)-6 (С)-8 (D) - 10 


A point source of ligth is used in a photoelectric effect. If the source is removed farther from the emitting 
metal, the stopping potential : 

(A) will increase (B) will decrease 

(C) will remain constant (D) will either increase or decrease. 


A point source causes photoelectric effect froma small metal plate. Which of the following curves may 
represent the saturation photocurrent as a function of the distance between the source and the metal ? 


4 t 1 1 


(A) (B) (C) (D) 


Let K, bethe maximum kinetic energy of photoelectrons emitted by а light of wavelength A, and К, 
corresponding to X». If А, = 22, , then : 


K 
(A) 2K, =K, (B) K, = 2K, (СК, < T (D) K, > 2K, 


Ina photoelectric experiment, the potential difference V that must be maintained 
between the illuminated surface and the collector so as just to prevent any electron 
from reaching the collector is determined for different frequencies fof the incident 
illumination. The graph obtained is shown. 

The maximum kinetic energy of the electrons emitted at frequency f, is 








у 
(A) hf, (В) (с т (C)h (f, -f) (D) eV,(f, - £) 


Radiation oftwo photon energies twice and five times the work function of metal are incident sucessively on 
the metal surface. The ratio ofthe maximum velocity of photoelectrons emitted is the two cases will be 
(A)1:2 (B)2.1 . (СЕ: 4 (D) 4:1 


Cut off potentials for a metal in photoelectric effect for light of wavelength À, А, and A, is found to be 
V,, V, and V, volts if V}, V, and V, are in Arithmetic Progression and №, A, and X, will be: 

(A) Arithmetic Progression (B) Geometric Progression 

(C) Harmonic Progression (D) None 
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Photons with energy 5 eV are incident оп a cathode С, опа photoelectric cell. The maximum energy of 
the emitted photoelectrons is 2 eV When photons of energy 6 eV are incident оп С, no photoelectrons 
will reach the anode A if the stopping potential of A relative to C is 

(A)3 V (B)-3V (C)-1V (D)4V 


In a photoelectric experiment, the collector plate is at 2.0V with respect to the emitter plate made of 
copper Q = 4.5eV). The emitter is illuminated by a source of monochromatic light of wavelength 200nm. 
(A) the minimum kinetic energy of the photoelectrons reaching the collector is 0. 

(B) the maximum kinetic energy ofthe photoelectrons reaching the collector is 3.7eV. 

(C) if the polarity of the battery is reversed then answer to part A will be 0. 

(D) ifthe polarity of the battery is reversed then answer to part B will be 1.7eV. 


By increasing the intensity of incident light keeping frequency (v > у,) fixed on the surface of metal 
(A) kinetic energy of the photoelectrons increases 

(В) number of emitted electrons increases 

(C) kinetic energy and number of electrons increases 

(D) no effect 


In a photoelectric experiment, electrons are ejected from metals X and Y by light of intensity I and 
frequency f. The potential difference V required to stop the electrons is measured for various frequencies. 
If Y has a greater work function than X ; which one of the following graphs best illustrates the expected 
results? 


У М x m х, У У, 
(А) | 764 (В) | > ye (©) | p. (D) ж 
о f о f 0 : 9 ; 


Monochromatic light with а frequency well above the cutoff frequency is incident on the emitter in а 
photoelectric effect apparatus. The frequency of the light is then doubled while the intensity is kept 
constant. How does this affect the photoelectric current? 

(A) The photoelectric current will increase. 

(B) The photoelectric current will decrease. 

(C) The photoelectric current will remain the same. 

(D) None ofthese 


In a hypothetical system a particle of mass m and charge -3q is moving around a very heavy particle 
having cahrge q. Assuming Bohr's model to be true to this system, the orbital velocity of mass m when it 
is nearest to heavy particle is 


3q? | 34? 3q 3q 
de oh (С) зе (D) ach 














de-Broglie wavelength ofan electron in the nth Bohr orbit is А, апа the angular momentum is J,, then: 


1 
(A) J, A, (В), т (COA oc J? (D) none ofthese 
n n nw ШЕ n L 
Qo Md then Come | 
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А 3h 
The angular momentum of an electron in the hydrogen atom is 2n Hereh is Planck's constant. The 


kinetic energy of this electron is: 
(A)4.53eV . (В)1.51еУ (С)3.4еУ (D) 6.8eV 


Consider the following electronic energy level diagram of H-atom: 
Photons associated with shortest and longest wavelengths would be 
emitted from the atom by the transitions labelled: 

(A) D and C respectively 

(B) C and A respectively 

(C) C and D respectively 

(D) Aand C respectively 





In ahydrogen atom, the binding energy ofthe electron in the n" state is E, , then the frquency of revolutionof 
the electron in the nth orbits is: 
(A) 2E, /nh (B) 2E nh (С) Е,/пһ (D) E,n/h 


- 


If the electron in a hydrogen atom were in the energy level with п = 3, how much energy in joule would 
be required to ionise the atom? (Ionisation energy of H-atom is 2.18 х 10-187: 
(A) 6.54 x 10-1 (В) 1.43 x 10-1? (C) 2.42 x 10-1? (D) 3.14 x 10-20 


In hydrogen and hydrogen like atoms, the ratio of difference of energies Е, „E, and E, -Е varies with 
its atomic number z and nas: 
(A) 22 /n? (В) z*/n* (C) z/n (D) 20 n? 


In a hydrogen atom, the electron 15 in nth excited state. It may come down to second excited state by 


. emitting ten different wavelengths. What is the value of'n: 


(A)6 (B)7 (C) 8 (D)5 


Difference between nth and (n +1)th Bohr’s radius of ‘H’ atom is equal to it's (n- 1)th Bohr's radius. the 
value of nis: 
(A) 1 (B)2 (C)3 (D)4 


An electron in hydrogen atom after absorbing energy photons can jump between energy states n, and 
n(n, > nj). Then it may return to ground state after emitting six different wavelengths in emission spectrum. 
the energy of emitted photons is either equal to, less than or greater than the absorbed photons. Then n, 
and n, are: 

(A) п, =4,n, -3 (В) п, = 5, п =3 (С) п, = 4, п = 2 (0) п, = 4, п = 1 


The electron іп a hydrogen atom makes transition from М shell to L. The ratio of magnitudes of initial to 
final centripetal acceleration of the electron is 
(А)9:4 (В)81:16 ‚ (C)4:9 (D) 16:81 


The electron in a hydrogen atom makes a transition nj —> n, whose n, and n, are the principal quantum 
numbers of the two states. Assume the Bohr model to be valid. The frequency of orbital motion of the 
electron in the initial state is 1/27 of that in the final state. The possible values of n, and n, are 

(A) п=4, п, =2 (В) n, =3,n,=1 (С) п: =8,n,=1 (D) n, = 6, п, =3 


The radius of Bohr’s first orbit is a,. The electron in n?! orbit has a radius: 
(A) па, (В) a/n (C) nag (D) ay? 
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The ionisation potential of hydrogen atom is 13.6 volt. The energy required to remove an electron from 
the second orbit of hydrogen is: 
(A)3.4eV (В) 6.8eV (C) 13.6 eV (D)27.2eV 


Electron in a hydrogen atom is replaced by an identically charged particle muon with mass 207 times that 
of electron. Now the radius of K shell will be 
(A)2.56x102À (В)1097А (C)1.21x103À (р)221744А 


Monochromatic radiation of wavelength A is incident on a hydrogen sample containing in ground state. 
Hydrogen atoms absorb the light and subsequently emit radiations often different wavelengths. The . 
value of 15 

(A) 95 nm (B) 103 nm (C) 73 nm (D) 88 nm 


When a hydrogen atom, initially at rest emits, a photon resulting in transition n= 5 — n= 1, its recoil 
speed is about 
(A) 10^ m/s (B) 2 x 102 m/s (C) 4.2 m/s (D) 3.8 x 10-2 m/s 


An electron collides with a fixed hydrogen atom in its ground state. Hydrogen atom gets excited and the 
colliding electron loses all its kinetic energy. Consequently the hydrogen atom may emit a photon 
corresponding to the largest wavelength ofthe Balmer series. The min. K.E.of colliding electron will be 
(A) 10.2 eV (В) 1.9eV (C) 12.1 eV (D) 13.6 eV 


The frequency of revolution of electron in n? Bohr orbit is у. The graph between log n and log (v,/ vj) 
may be 


lag (v/v) 


(A) 





log n log n 


Consider the spectral line resulting from the transition n= 2 — п = 1 inthe atoms and ions given below. 
The shortest wavelength is produced by : 

(A) hydrogen atom (B) deuterium atom 

(C) singly ionized helium (D) doubly ionized lithium 


In an atom, two electrons move around the nucleus in circular orbits of radii R and 4R. The ratio ofthe 
time taken by them to complete one revolution is : (neglect electric interaction) 
(A)1:4 (B)4:1 (C)1:8 (D)8:1 


The electron in hydrogen atom in a sample is in п® excited state, then the number of different spectrum 
lines obtained in its emission spectrum will be : 

(А)1+2+3+.......... *(n- 1) (В)1+2+3+ 
(Cl 2E 20-33 з, +(n+ 1) (0) 1х2х3х 
The total energy ofa hydrogen atom in its ground state is -13.6eV. Ifthe potential energy in the first 


excited state is taken as zero then the total energy in the ground state will be : 
(A) -3.4eV (B)3.4eV (C) - 6.8eV (D) 6.8еУ 
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A neutron collides head оп witha stationary hydrogen atom in ground state 

(A) If kinetic energy of the neutronis less than 13.6eV, collision must be elastic 

(B) if kinetic energy ofthe neutron is less than 13.6eV, collision may be inelastic. 

(C) inelastic collision takes place when initial kinetic energy of neutron is greater than 13.6eV. 
(D) perfectly inelastic collision cannot take place. 


The electronin a hydrogen atom make a transition from an excited state to the ground state. Which ofthe 
following statement is true ? 

(A) Its kinetic energy increases and its potential and total energies decrease 

(B) Its kinetic energy decreases, potential energy increases and its total energy remains the same. 

(C) Its kinetic and toal energies decrease and its potential energy increases. 

(D) its kinetic potential and total energies decreases. 


The magnitude of angular momentum, orbit radius and frequency of revolution of electron in hydrogen 
atom corresponding to quantum number n are L, r and f respectively Then according to Bohr's theory of 


hydrogen atom, 
(A) ЕСІ, is constant for all orbits (В) frL is constant for all orbits 
(C) РН. is constant for all orbits (D) frL? is constant for all orbits 


In a characteristic Х- ray spectra of some atom superimposed on 
continuous X- ray spectra: 

(A) P represents K, linc 

(B) Q represents Kg line | 

(С) О and P represents К, апа K, lines respectively 

(D) Relative positions of K, and К, depend on the particular atom 


Relative inte 15у 





The “К” X-rays emission line of tungsten occurs at À = 0.021 nm. The energy difference between K 
and L levels in this atom is about 
(A) 0.51 MeV (B) 1.2 MeV (C) 59 keV (D) 13.6eV 


Consider the nuclear reaction 
X200. , Al!0 р90 
If the binding energy per nucleon for X, A and B is 7.4 MeV, 8.2. MeV and 8.2 MeV respectively, what 
is the energy released ? 
(A) 200 MeV (B) 160 MeV (C) 110 MeV (D) 90 MeV 


The binding energy per nucleon for C? is 7.68 MeV and that for С!3 is 7.5 MeV The energy required 
to remove a neutron from CP? is 
(A) 5.34 MeV (B) 5.5 MeV (C) 9.5 MeV (D) 9.34 MeV 


The binding energies of nuclei X and Y are E, and E, respectively. Two atoms of X fuse to give one atom 
of Y and an energy Q is released. Then: 


(A) О = 2Е,-Е, (B) Q=E,-2E, (C) О = 2E, +E, (D) Q =2E, tE, 

Radius ofthe second Bohr obit of singly ionised helium atom is 

(А) 0.53 А (B) 1.06 Å (C) 0.265 A (D)0.132A 

An electron in Bohr’s hydrogen atom has an energy of 3.4 eV. The angular momentum of the electron is 
(A) h/x (B) Һ/ 2л 

(C) nh/ 27 (nis ап integer) (0) 2h/ 7 
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If each fission іп а 10235 nucleus releases 200 MeV, how many fissions must occurs рег second to 
produce a power of 1 KW 
(А) 1.325 x 1013: (В) 3.125 x 1013 (С) 1.235 x 1013 (D) 2.135 x 1013 


The rest mass of the deuteron , 7H, is equivalent to an energy of 1876 MeV, the rest mass ofa proton 
is equivalent to 939 MeV and that of a neutron to 940 MeV A deuteron may disintegrate to a proton 
and a neutron if it : 

(А) emits a y-ray photon of energy 2 MeV 

(B) captures a y-ray photon of energy 2 MeV 

(С) emits a y-ray photon of energy 3 MeV 

(D) captures a y-ray photon of energy 3 MeV 


In an a-decay the Kinetic energy ofa particle is 48 MeV and Q-value of the reaction is 50 MeV. The 
mass number of the mother nucleusis: (Assume that daughter nucleus is in ground state) 
(A) 96 (B) 100 (C) 104 (D) none of these 


In the uranium radioactive series the initial nucleus is 0238, and the final nucleus is ,,Pb?°. When the 
uranium nucleus decays to lead, the number of a — particles emitted is.. and the number of B-particles 
emitted... 

(A) 6, 8 (B)8,6 (C) 16,6 (D) 32,12 


The radioactive sources A and B of half lives of2 hr and 4 hr respectively, initially contain the same 
number of radioactive atoms. At the end of2 hours, their rates of disintegration are in the ratio : 


(A)4:1 (B) 2:1 (O 42:1 (D)1:1 


InaRA element the fraction of initiated amount remaining after its mean life time is 





AU 1 1 | 
(A) 1-z (В) 5 ©; (D)1- 5 


90% ofa radioactive sample is left undecayed after time t has elapsed. What percentage ofthe initialsample 
will decay ina total time 2t: 
(A) 20% (B) 19% (C) 40% (D) 38% 


A radioactive material of half-life T was produced in a nuclear reactor at different instants, the quantity 
produced second time was twice of that produced first time. If now their present activities are A, and A, 
respectively then their age difference equals: 


in 
А, 





(B) T (C) 























A, Tl әде 


"ud 
(А) 112 in2 


К, 
Activity of a radioactive substance is R, at time t, and R, at time t,(t, > t,). Then the ratio R. is: 





t2 1-і 
(А) % (B) e&t) (C)e я (D) е“а-ч) 


There are two radionuclei A and B. Ais an alpha emitter and В is a beta emitter. Their distintegration 
constants are in the ratio of 1 : 2. What should be the ratio of number of atoms of two at time 
t= 0 so that probabilities of getting о and В particles are same at time t = 0. 

(А)2:1 (В)1:2 (С)е (D) ет! 
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The activity of a sample reduces from A, to Ay/./3 in one hour. The activity after 3 hours more will be 


xm в) Ао "un p; A 
(А) 3.3 (B) “5 © 93 (Ui. 


Half life of radium is 1620 years. How many radium nuclei decay in 5 hours in 5 gm radium? ( Atomic 
weight of radium = 223) 
(A) 9.1x 10! | (В) 3.23 x 1015 (C) 1.72 x 1020 (D) 3.3 x 1017 


Half life for certain radioactive element is 5 min. Four nuclei of that element are observed at a certain 
instant oftime. After five minutes 

Assertion (A): It can be definitely said that two nuclei will be left undecayed. 

Reasoning (R): After halflife i.e. 5 minutes, half of total nuclei will disintegrate. So only two nuclei will 
beleft undecayed. Then 

(A) A iscorrect & R is correct explanation of A. 

(B) Both are correct. But R is not correct explanation of A. 

(C) A is incorrect & R is correct. 

(D) Both are incorrect. 


A certain radioactive nuclide of mass number m, disintegrates, with the emission of an electron and y 
radiation only, to P second nuclied of mass number m,. Which one ofthe following equation correctly 
relates m, and 


(Am,"m,^1  (B)mm,-2  (Om-m-1 Dmm 


The number ofa and В” emitted during the radioactive decay chain starting from malt and ending at 





206 Pb is 

(A) За & 6В- (В) 4a & 5В- (С) 5a & 4B- (D) бо & 6p* 

The activity of a sample of radioactive material is A, at time t, and A, at time t, (t, >t,). Its mean life is Т. 
А.-А. 

(A) At, 5At, (В); -, =constant(C) A, =A, „%-ьут (D) A, =A, eft) 


A fraction f, ofa radioactive sample decays in one mean life, and a fraction f, decays in one half-life. 
(A) f, 7 f, 

(ВЛ <) 

(С = 

(D) May be (A), (В) or (C) depending on the values of the mean life and halflife 


A radioactive substance is being produced at a constant rate of 10 nuclei/s. The decay constant of the 
substance is 1/2 зес-!. After what time the number of radioactive nuclei will become 10? Initially there 
are no nuclei present. Assume decay law holds for the sample. 


1 
(А) 2.45 sec (B) log (2) sec - (С) 1.386 sec (B) ax (әу Sec 


The radioactivity of a sample is R, at time Т, and R, at time Т, Ifthe halflife of the specimen is Т. 
Number of atoms that have disintegrated in time (T, — T;) is proportional to 


(A) RT -R;T) (B) (R, өс. R,) T (C) (R, <> RjyT (D) (R, ai К.) (Т, ч, Т.) 
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0.77 The decay constant of the end product ofa radioactive series is 


(A) zero (B) infinite (С) finite (non zero) (Б) depends onthe end product. 
0.78 Атітеї= 0, №, nuclei of decay constant A. & N, nuclei of decay constant X, are mixed . The decay 
rate of the mixture is : 
(A) N,N, e it (B) + | |0) 
1852 N, 
? d Lets 
(©) нде ^N 2,6] (D) * NA, NA, e vis 
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ONE OR MORE THAN ONE OPTION MAY BE CORRECT. 


Take approx. 3 minutes for answering each question. 


ол 


Q2 


Q.3 


Q.4 


Q.5 


Q.6 


Q.7 


Q.8 


In photoelectric effect, stopping potential depends on 
(A) frequency ofthe incident light (B) intensity ofthe incident light by varies source distance 
(C) emitter's properties (D) frequency and intensity ofthe incident light 


An electron in hydrogen atom first jumps from second excited state to first excited state and then, from 
first excited state to ground state. Let the ratio of wavelength, momentum and energy of photons in the 
two cases be x, y and z, then select the wrong answer/(s) : 

(A) z= l/x (B) x=9/4 (C) y=5/27 (D) z=5/27 


An electron is in an excited state in hydrogen-like atom. It has a total energy оҒ-3.4 eV. Ifthe kinetic 
energy of the electron is E and its de-Broglie wavelength is А, then 

(A) E=6.8 eV, \= 6.6 х 10-10 т (B)E 723.4 eV, X = 66 x 10719 т 

(C)E «3.4 eV, X7 6.6x 10!!! m (О) E=6.8 eV, X =6.6х 10-1! m 


A particular hydrogen like atom has its ground state binding “energy 122.4eV. Its is in ground state. 

Then: 

(A) Its atomic number is 3 

(В) Ап electron of 90eV can excite it. 

(C) An electron of kinetic enerev nearly 91.8eV can be brought to almost rest by this atom. 

(D) An electron of kinetic energy 2.6eV. may emerge from the atom when electron of kinetic energy 
125eV collides with this atom. 


A beam ofultraviolet light of all wavelengths passes through hydrogen gas at room temperature, in the 
x-direction. Assume that all photons emitted due to electron transition inside the gas emerge in the 
y-direction. Let Aand B denote the lights emerging from the gas in the x and y directions respectively. 
(A) Some ofthe incident wavelengths will be absent in A. 

(B) Only those wavelengths will be present in B which are absent in A. 

(C) B will contain some visible light. 

(D) B will contain some infrared light. 


If radiation of allow wavelengths from ultraviolet to infrared is passed through hydrogen agas at room 
temperature, absorption lines will be observed in the : 
(A) Lyman series (B) Balmer series (C)both(A)and(B) (D) neither (A) nor (B) 


Inthe hydrogen atom, ifthe reference level of potential energy is assumed to be zero at the ground state 
level. Choose the incorrect statement. 

(A) The total energy of the shell increases with increase in the value оҒп 

(B) The total energy ofthe shell decrease with increase in the value of n. 

(C) The difference in total energy of any two shells remains the same. 

(D) The total energy at the ground state becomes 13.6 eV. 


Choose the correct statement(s) for hydrogen and deuterium atoms (considering motion of nucleus) 
(A) The radius of first Bohr orbit of deuterium is less than that of hydrogen 

(B) The speed of electron in the first Bohr orbit of deuterium is more than that of hydrogen. 

(C) The wavelength of first Balmer line of deuterium is more than that of hydrogen 

(D) The angular momentum of electron in the first Bohr orbit of deuterium is more than that of hydrogen. 
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0.10 


ол 


0.12 


0.13 


0.14 


0.15 


0.16 


Let A, be the area enclosed Бу the п® orbit ina hydrogen atom. The graph of In (A,/A,) agains [п (п). 
(A) will pass through origin 

(B) will be a stright line will slope 4 

(C) will be a monotonically increasing nonlinear curve 

(D) will be a circle. 


A neutron collides head-on with a stationary hydrogen atom in ground state. Which of the following 
statements are correct (Assume that the hydrogen atom and neutron has same mass) : 

(A) Ifkinetic energy of the neutron is less than 20.4 eV collision must be elastic. 

(B) Ifkinetic energy of the neutron is less than 20.4 eV collision may be inelastic. 

(C) Inelastic collision may be take place only when initial kinetic energy of neutronis greater than 20.4 eV. 
(D) Perfectly inelastic collision can not take place. 


When a nucleus with atomic number Z and mass number A undergoes a radioactive decay process: 
(A) both Z and A will decrease, if the process is a decay 

(В) Z will decrease but A will not change, ifthe process is В” decay 

(С) Z will decrease but A will not change, if the process is В” decay 

(D) Z and A will remain unchanged, if the process is y decay. 


‘In a Coolidge tube experiment, the minimum wavelength of the continuous X-ray spectrum is equal to 


66.3 pm, then 

(A) electrons accelerate through a potential difference of 12.75 kV in the Coolidge tube 

(В) electrons accelerate through a potential difference of 18.75 КУ in the Coolidge tube 

(С) de-Broglie wavelength of the electrons reaching the anticathode is of the order of 10pm. 
(D) de-Broglie wavelength of the electrons reaching the anticathode is 0.01 A. 


The potential difference applied to an X-ray tube is increased. As a result, in the emitted radiation: 
(A) the intensity increases (B) the minimum wave length increases 
(С) the intensity decreases (D) the minimum wave length decreases 


When the atomic number A of the nucleus increases 

(A) initially the neutron—proton ratio is constant = 1 

(B) initially neutron—proton ratio increases and later decreases 

(C) initially binding energy per nucleon increases and later decreases 

(D) the binding energy per nucleon increases when the neutron-proton ratio increases. 


Let т, be the mass of a proton, m, the mass ofa neutron, M, the mas of a A Ne nucleus and M, the 


mass ofa 0 Ca nucleus. Then 
(А) M, = 2M, (B) M, > 2M, (C) M, < 2M, (D) M, < 10(m, + m,) 


The decay constant of a radio active substance is 0.173 (years) !. Therefore : 
(A) Nearly 63% ofthe radioactive substance will decay in (1/0.173) year. 
(B) half life of the radio active substance is (1/0.173) year. 

(C) one -forth ofthe radioactive substance will be left after nearly 8 years. 
(D) all the above statements are true. 
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ANSWER KEY 
ONLY ONE OPTION 18 CORRECT. 

ол С 0.2 В Q3-.C Q4 D Qs) D Q6 C 0.7 

08 D 09 А 0.10 А ОП B Q12 “© олз D Q.14 
0.15 D Q.16 C OTe С, 0.18 А Q.19 С 0.20 В 0.21 
0.22 В 0.23 А 0.24 В 0.25 А 0.26 А 0.27 В 0.28 
0.29 А 0.30 С 0.31 D 0.32 A 0.33 D 034 C 0.35 
036 В O37 +С 038 А Q.39 A Q.40 A 0.41 С 0.42 
0.43 С 0.44 D 0.45 С 0.46 В 0.47 С 0.48 А 0.49 
0.50 В OR «c 052. C Q.53 B Q.54 A Q.55 B Q.56 
0.57 А 0.58 В 0.59 D 0.60 В 0.61 В 0.62 С 0.63 
0.64 В 0.65 С 0.66 D 0.67 А 0.68 В 0.69 В 0.70 


0.71 D 072 € Q.73 C 0.74 А Q 735 Э 0.76 B Q.77 


0.78 C 
ONE OR MORE THAN ONE OPTION. MAY BE CORRECT 
Q1 АС Q2 B Oa Bs 04 ACD 
Q5 ACD Q6 A Q7 B Q8 A 
Q9 AB Q.10 AC 01 ABD 0.12 B 


Q.13 AD 0.14 AC 0.15 СО 0.16 AC 
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KEY CONCEPTS 


CATHODE RAYS : 
Generated in a discharge tube in which a high vaccum is maintained . 
They are electrons accelerated by high p.d. ( 10 to 15 K.V.) 











КЕ. of C.R. particle accelerated by a p.d. V is ne >. -еУ. 
2 т 
Can be deflected by Electric & magnetic fields . 
ELECTROMAGNETIC SPECTRUM : red(7.6x107m) <— viole(3.6x10 7m) 
Ordered arrangement ofthe big family ыны Е 3x10-7m 
of electro magnetic waves (EMW) 
either in ascending order of frequencies infrared Ultra violet Gamma rays 
or of wave lengths жа ы 
Speed of E. M.W. in vacuum Radio waves 
C=3x108m/s = УЛ Т? 
PLANK'S QUANTUM THEORY : Micro waves кА жын... 
A beam of EMW isa stream of discrete oo |. Че. 
packets of energy called PHOTONS , 104 10° 108 10101012 1014 1016 10181020 
each photon having a frequency у and Frequency (Hz) 


energy = E=hv. 
h = plank 'ѕ constant = 6.63 x 107^ Js . 


PHOTO ELECTRIC EFFECT : 

The phenomenon of the emission of electrons , when metals are exposed to light (ofa certain 
minimum frequency) is called photo electric effect. 

Results : 

Can be explained only on the basis of the quantum theory (concept of photon) . 

Electrons are emitted ifthe incident light has frequency v > v, (threshold frequency) emission of electrons 
is independent of intensity . The wave length corresponding to vj is called threshold wavelength A, . 

Vo is different for different metals . 

Number of electrons emitted per second depends on the intensity of the incident light . 

EINSTEINS PHOTO ELECTRIC EQUATION : 

Photon energy = К. E. of electron + work function . 


ve mv? +o 
2 


ф = Work function = energy needed by the electron in freeing itself from the atoms of the metal . 
ф= һу, 
STOPPING POTENTIAL On Cur Orr POTENTIAL : 
The minimum value of the retarding potential to prevent electron emission is : 
eV = (KE) 


cut off max 


Note : The number of photons incident оп а surface per unit time is called photon flux. 


5 


WAVE NATURE OF MATTER : 
Beams of electrons and other forms of matter exhibit wave properties including interference and diffraction 


| 
witha de Broglie wave length given by A= ^N 
р 


(wave length ofa praticle) . 
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6. ATOMIC MODELS : 
(a) THOMSON MODEL : (PLUM PUDDING MODEL) 
(i) Most of the mass and all the positive charge of an atom is uniformly distributed over the full size 
of atom (1019 т). 
(ii) Electrons are studded in this uniform distribution . 
(iii) ^ Failed to explain the large angle scattering o - particle scattered by thin foils of matter . 


(b) RUTHERFORD MODEL : ( Nuclear Model) 
(i) The most of the mass and all the positive charge is concentrated within a size of 10-4 m inside 
the atom. This concentration is called the atomic nucleus . 
(ii) The electron revolves around the nucleus under electric interaction between them in circular orbits. 
An accelerating charge radiates the nucleus spiralling inward and finally fall into the nucleus , 
which does not happen in an atom. This could not be explained by this model . 


(c) BOHR ATOMIC MODEL : 
Bohr adopted Rutherford model ofthe atom & added some arbitrary conditions. These conditions are 
known as his postulates : 
(i) The electron in a stable orbit does not radiate energy . i.e. um = 
2 
(ii) A stable orbit is that in which the angular momentum of the electron about nucleus 








| | 
is an integral (n) multiple of = i.e. ІШУІ "nz DNA S. lue (n = 0). 


(11) ^ The electron can absorb or radiate energy only ifthe electron jumps from a lower 
to a higher orbit or falls from a higher to a lower orbit . 
(iv) The energy emitted or absorbed is a light photon of frequency v and of energy. E = hv . 


FOR HYDROGEN ATOM : (Z = atomic number = 1) 


В ; ; l 
(i) Г. = angular momentum in the n™ orbit = i 
п 


(ii) ^ r,- radius ofn circular orbit =(0.529 A?) n? ; (1А° = 1010 m); r a nê. 

= J6 ev Б 1 

а ie. Е а — . 
n n 

Note : Total energy ofthe electron in an atom is negative , indicating that it is bound . 

13.6 ev 


n 2 
(ivy) Е-Е, = Energy emitted when an electron jumps from nj orbit to пу? orbit (n, > n). 


AE - (13.6 ev) Ed 


Itt 


(iii) Е, Energy ofthe electron in the n orbit = 


Binding Energy (BE), = -Е = 








AE = hv Д у = frequency of spectral line emitted . 
| | 
— = у = уауепо. [ no. of waves in unit length (1m)] „к ; | 
À Ny: wy 
Where В = Rydberg's constant for hydrogen = 1.097 x 107 m! . 
(v) For hydrogen like atom/spicies of atomic number Z: 
2 2 
no UM 0 -(059A) — ; E,-CI36 Z ev 
n 


R, = RZ? - Rydberg's constant for element of atomic no. Z . 
Note : If motion ofthe nucleus is also considered , then m is replaced by ы. 
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(ii) 
(iii) 
(iv) 


(v) 


10. 


п. 
(i) 
(ii) 


(iii) 
(iv) 


Where u= reduced mass of electron- nucleus system = mM/(m*M). 


In this case E, = (-13.6 ev) -— 
n 


m, 


SPECTRAL SERIES : 
Lyman Series : (Landing orbit n = 1) . 





2 2 


Ultraviolet region v=R E - | : m> 1 
n 
2 


Balmer Series : (Landing orbit n= 2) 
Visible region v=R ате не 5 т„>2 
2 n, 2 


Paschan Series : (Landing orbit п=3) 





2 2 
n; 


Bracket Series : (Landing orbit n = 4) 


In the near infrared region у= К | C." | : п,>3 


In the mid infrared region v = R = а З n > 4 


2 2 
4 Пп; 


Pfund Series : (Landing orbit п- 5) 





In far infrared region 5 - 5 nix 
Dacia diio 


In а {Безе series п, = n, +1 is the а line 
= пу +2 is the В line 
= n +3 is the y line ........... etc. where n, = Landing orbit 


EXCITATION POTENTIALOF ATOM : 


Excitation potential for quantum jump from n, — n, = ENT RN 
electronch arg e 
IONIZATION ENERGY : 
The energy required to remove an electron from an atom . The energy required to ionize hydrogen 
atom is= 0-(-13.6) = 136 еу. 


IONIZATION POTENTIAL : 
-Е 


Potential difference through which an electron is moved to gain ionization energy = ——————— —— 
electronicch arg e 


X-RAYS : 

Short wavelength (0.1 A? to 1 A?) electromagnetic radiation . 
Are produced when a metal anode is bombarded by very high energy | 
electrons . Continous ` 
Are not affected by electric and magnetic field . Posie 
They cause photoelectric emission . 
Characteristics equation eV=hv,, 
e=electroncharge — ; 

V — accelerating potential 

v. = maximum frequency of X - radiation 


Ka~ kg-Characteristic Spectrum 






pená rape eir a e e E d RR A 
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(у) 
(vi) 


(vii) 


(viii) 


Note: 


12. 


13. 


14. 
(i) 

(ii) 
(iii) 


15. 
(A) 


(B) 


Intensity of X - rays depends on number of electrons hitting the target . 
Cut off wavelength or minimum wavelength, where v (in volts) is the p.d. applied to the tube 
12400 


min - 


А° . 





Continuous spectrum due to retardation of electrons . 

Characteristic Spectrum due to transition of electron from higher to lower 
Vx «Dy 3 о =а (2-0)? | Моѕегку"ѕ Law | 
b = 1 for К series 4 b = 7.4 for L series 

Where b is Shielding factor (different for different series) . 

(i) Binding energy = - [ Total Mechanical Energy ] 


(ii) ^ Vel. of electron in п® orbit for hydrogen atom = An 3 с = speed of light . 


(iii) For x - rays pne 
n on, 


(iv) Series limit of series means minimum wave length of that series. 


NUCLEAR DIMENSIONS : 
R= R A^ . Where R,=empirical constant = 1.1 x 107!5 m; А = Маѕѕ number of the atom 


RADIOACTIVITY : 
The phenomenon of self emission of radiation is called radioactivity and the substances which emit these 
radiations are called radioactive substances . It can be natural or artificial (induced) . 


a, В, у RADIATION : 


о — particle : 

(a) Helium nucleus (Не) Е (b) energy varies from 4 Mev to 9 Mev; 
(c) Velocity 10° - 107 m/s 5 (4) low penetration 

В - particle : 


(a) Have much less energy; (b) more penetration; (c) higher velocities than о particles 
ү = radiation : Electromagnetic waves of very high energy . 
LAWS OF RADIOACTIVE DISINTEGRATION : 
DISPLACEMENT Law: Inall radioactive transformation either an о or В particle (never both or more 
than one of each simultaneously) is emitted by the nucleus of the atom. 
(i) a —emission : „ХА —o , ,Y^-^ + „af + Energy 
(i) ^ emission: ХА B+ ,,,Y^ * v (antinuetrino) 
(iii) ^ y— emission : emission does not affect either the charge number or 
the mass number . 


STASTISTICAL Law : The disintegration is a random phenomenon. Whcih atom disintegrates first is 
purely a matter of chance . 
Number of nuclei disintegrating per second is given ; 


(disintegration /s /gm is called specific activity) . 
(i) NN exo — activity . 
dt dt 
Where М = No. of nuclei present at time t i à — decay constant 


(ii) М№=М№е  N,- number of nuclei present in the beginning . 
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16. 


17. 


18. 


19, 
(i) 

(ii) 
(iii) 


20. 
(i) 


(ii) 
(iii) 


(iv) 


Note : 


" | 0.693 
(iii) ^ Half life of the population Т, = —— 


À 
at the end of n half-life periods the number of nuclei left N = 2c с 
(iv) _ MEAN LIFE OF АМ АТОМ = ZLGH CEOS, 2 “Пән i) 
totalnumberof atoms DES г. 


(v) CuriE: Theunit ofactivity of any radioactive substance in which the number of disintegration 
per second is 3.7 x10!° . 


ATOMIC MASS UNIT (a.m.u. OR U) : 


lamu = = x (mass of carbon - 12 atom) =. 1.6603 x 10-27 kg 
MASS AND ENERGY : 

The mass m ofa particle is equivalent to an energy given by = mc? ; 

c= speed of light . 1 amu = 931 Mev 

MASS DEFECT AND BINDING ENERGY OF A NUCLEUS : 

The nucleus is less massive than its constituents. The difference of masses is called mass defect . 
АМ = mass defect = реле (A-Z)m]-M,. 

Total energy required to be given to the nucleus to tear apart the individual nucleons composing 
the nucleus, away from each other and beyond the range of interaction forces is called the Binding 
Energy ofa nucleus . 

ВЕ = (А М)С2 . 


à 
B.E. per nucleon = (муе) - 


Greater the B E. , greater is the stability of the nucleus . 


NUCLEAR FISSION : 

Heavy nuclei of A, above 200, break up onto two or more fragments of comparable masses. 
The total B.E. increases and excess energy is released . 

The man point of the fission energy is leberated in the form ofthe К.Е. ofthe fission fragments 


235 1,236 141 92 1 
. eg. “9, Ut+ п >*,,U’,,Ba+,,Kr+3 n° + energy 


NUCLEAR FUSION (Thermo nuclear reaction) : 

Light nuclei of A below 20, fuse together , the B Е. per nucleon increases and hence the excess energy 
is released . 

These reactions take place at ultra high temperature (= 107 to 10°) 

Energy released exceeds the energy liberated in the fission of heavy nuclei . 


4 


eg. 4IP Heo . (Positron) 


The energy released in fusion is specified by specifying Q value . 
i.e. Q value ofreaction = energy released in a reaction . 


(i) In emission of В-, z increases by 1 . 
(ii) In emission of В”, z decreases by 1. 
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EXERCISE # I 


A parallel beam of uniform, monochromatic light of wavelength 2640 A has an intensity of 
200W/m?. The number of photons in 1mm? of this radiation are ........................ 


When photons of energy 4.25eV strike the surface ofa metal A, the ejected photoelectrons have maximum 
kinetic energy T, eV and de Broglie wavelength X,. The maximum kinetic energy of photoelectrons 
liberated from another metal В by photons of energy 4.7eV is T, = (T. — 1.5) eV. If the De Broglie 
wavelength of these photoelectrons is л, = 2A , then find 

The work function ofa (b) The work function of b is (c) T, and Т, 


When a monochromatic point source of light is at a distance of0.2 m from a photoelectric cell, the cut off 
voltage and the saturation current are respectively 0.6 volt and 18.0 mA. Ifthe same source is placed 
0.6 m away from the photoelectric cell, then find 

the stopping potential (b) the saturation current 


Anisolated metal body is illuminated with monochromatic light and is observed to become charged to 
a steady positive potential 1.0 V with respect to the surrounding. The work function ofthe metal is 
3.0eV The frequency of the incident light is 


663 mW of light from a 540 nm source is incident on the surface of a metal. If only 1 ofeach 5 x 10? 
incident photons is absorbed and causes an electron to be ejected from the surface, the total photocurrent 
in the circuit is 


Light of wavelength 330 nm falling on a piece of metal ejects electrons with sufficient energy which 
requires voltage V, to prevent a collector. In the same setup, light of wavelength 220 nm, ejects electrons 
which require twice the voltage V, to stop them in reaching a collector. Find the numerical value of 
voltage V,.(Take plank's constant, h = 6.6 x 10-4 Js and 1 eV = 1.6 x 10-19 J) 


A hydrogen atom in a state having a binding energy 0.85eV makes a transition to a state of excitation 
energy 10.2eV. The wave length of emitted photon is .................... nm. 


A hydrogen atomis in 5% excited state. When the electron jumps to ground state the velocity of recoiling 
hydrogen atomis ................ m/s and the energy of the photon is ............ eV. 


The ratio of series limit wavlength of Balmer series to wavelength of first line of paschen seriesis ............. 


An electron joins a helium nucleus to form a Het ion. The wavelength ofthe photon emitted in this process 
ifthe electron is assumed to have had no kinetic energy when it combines with nucleus is ......... nm. _ 





Three energy levels of an atom are shown in the figure. The wavelength М 
corresponding to three possible transition аге А, А. and à. The value E 
of à, in terms of A, and À, is given Бу A 
Imagine an atom made up ofa proton and a hypothetical particle of double the mass of an electron but 
having the same charge as the electron. Apply the Bohr atom model and consider a possible transitions 
of this hypothetical particle to the first excited level. Find the longest wavelngth photon that will be 
emitted A (in terms of the Rydberg constant R.) 


In a hydrogen atom, the electron moves in an orbit of radius 0.5 A making 1016 revolution per second. 
The magnetic moment associated with the orbital motion of the electron is 


The positron is a fundamental particle with the same mass as that of the electron and with a charge equal 
to that ofan electron but ofopposite sign. Whena positron and an electron collide, they may annihilate 
each other. The energy corresponding to their mass appears in two photons of equal energy. Find the 
wavelength ofthe radiation emitted. 

[Take : mass of electron = (0.5/C?)MeV and hC = 1.2х10-!2 MeV.m where В is the Plank's constant 
and C is the velocity of light in air] 
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Q.24 
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0.25 
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A small 10W source of ultraviolet light of wavelength 99 nm is held at a distance 0.1 m from a metal 
surface. The radius of an atom of the metal is approximately 0.05 nm. Find 

the average number of photons striking an atom per second. 

the number of photoelectrons emitted per unit area per second if the efficiency of liberation ofphotoelectrons is 1%. 


The surface of cesium is illuminated with monochromatic light of various 
wavelengths and the stopping potentials for the wavelengths are measured. The 
results of this experiment is plotted as shown ш the figure. Estimate the value of 
work function of the cesium and Planck’s constant. 


гі» 






ү«1015Ң2 


sopping px | тізі (үзігі 
rm = 


A hydrogen like atom has its single electron orbiting around its stationary nucleus. The energy to excite 
the electron from the second Bohr orbit to the third Bohr orbit is 47.2 eV. The atomic number of this 
nucleus is 





A single electron orbits a stationary nucleus of charge Ze where Z is a constant and e is the electronic 
charge. It requires 47 2eV to excite the electron from the 2nd Bohr orbit to 3rd Bohr orbit. Find 

the value of Z, 

energy required to excite the electron from the third to the fourth orbit 

the wavelength of radiation required to remove the electron from the first orbit to infinity 

the kinetic energy, potential energy and angular momentum in the first Bohr orbit 

the radius of the first Bohr orbit. 


A hydrogen like atom (atomic number Z) is in higher excited state of quantum number n. This excited 
atom can make a transition to the first excited state by successively emitting two photons of energy 
22.95еУ and 5.15eV respectively. Alternatively, the atom from the same excited state can make transition 
to the second excited state by successively emitting two photons of energies 2.4eV and 8.7eV respectively. 
Find the values ofn and 7. 


Find the binding energy ofan electron in the ground state of a hydrogen like atom in whose spectrum the 
third of the corresponding Balmer series is equal to 108.5nm. 


Which level of the doubly ionized lithium has the same energy as the ground state energy of the hydrogen 
atom. Find the ratio of the two radii of corresponding orbits. 


The binding energies per nucleon for deuteron (|H?) and helium (,He*) are 1.1 MeV and 7.0 MeV 
respectively. The energy released when two deuterons fuse to form a helium nucleus (,He*) is 


А radioactive decay counter is switched on at t= 0. А В - active sample is present near the counter. The 
counter registers the number of B - particles emitted by the sample. The counter registers 1 x 10° 
В - particles at t= 36 s and 1.11 x 10° B - particles att = 108 s. Find Т, of this sample 


An isotopes of Potassium au K has ahalflife of 1.4 x 10° year and decays to Argon re Ar whichis stable. 
Write down the nuclear reaction representing this decay. 

A sample of rock taken from the moon contains both potassium and argon in the ratio 1/7. Find age of 
rock 


Att = 0, a sample is placed іп a reactor. An unstable nuclide is produced at a constant rate R in the 
sample by neutron absorption. This nuclide f) decays with half life т. Find the time required to produce 
80% ofthe equilibrium quantity of this unstable nuclide. 


Suppose that the Sun consists entirely of hydrogen atom and releases the energy by the nuclear reaction, 
ДІН — > 3He with 26 MeV of energy released. If the total output power of the Sun is assumed to 


remain constant at 3.9 x 10% W, find the time it will take to burn all the hydrogen. Take the mass of the 
Sun as 1.7 x 10°° kg. 
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Assuming that the source ofthe energy of solar radiation is the energy ofthe formation of helium from 
hydrogen according to the following cyclic reaction : 
АО + ІН! => А” =: АС + с. 


13 1 14 
С m ІН X N 
N“ SE Н! = О” = NP ЗГЕ T 


ND zi Н! => C + „Не 
Find how many tons of hydrogen must be converted every second into helium . The solar constant is 
8 J/cm? min. Assume that hydrogen forms 35% of the sun's mass . Calculate in how many years this 
hydrogen will be used up if the radiation of the sun is constant . m, = 5.49 x 10 * amu, atomic masses 
т,=1.00814 amu, т, =4.00388 amu, mass of the sun=2 x 10% kg, distance between the sun and the 
earth= 1.5х 10 т. 1 amu = 931 MeV. 


An electron of mass "m" and charge "e" initially at rest gets accelerated by a constant electric field E. The 
rate of change of DeBroglie wavelength of this electron at time t is ................. 


List of recommended questions from LE. Irodov. 


5.247, 5.249, 5.260, 5.262, 5.263, 5.264, 5.265, 5.266, 5.270, 5.273, 5.277 
6.21, 6.22, 6.27, 6.28, 6.30, 6.31, 6.32, 6.33, 6.35, 6.37, 6.38, 6.39, 6.40, 
6.41, 6.42, 6.43, 6.49, 6.50, 6.51, 6.52, 6.53, 6.133, 6.134, 6.135, 6.136, 

6.137, 6.138, 6.141, 6.214, 6.233, 6.249, 6.264, 6.289 


EXERCISE # II 


Find the force exerted by a light beam of intensity I, incident on a cylinder D 
(height h and base radius К) placed on a smooth surface as shown in figure if. E 
surface of cylinder is perfectly reflecting тат 
surface of cylinder is having reflection coefficient 0.8. (assume по TE: 
transmission) E 


A small plate of a metal (work function = 1.17 eV) is placed at a distance of 2m from a monochromatic 
light source of wave length 4.8 x 107 m and power 1.0 watt. The light falls normally on the plate. Find 
the number of photons striking the metal plate per square meter per sec. If a constant uniform 
magnetic field of strength 10~ tesla is applied parallel to the metal surface. Find the radius of the 
largest circular path followed by the emitted photoelectrons. 


Electrons in hydrogen like atoms (Z = 3) make transitions from the fifth to the fourth orbit & from the 
fourth to the third orbit. The resulting radiations are incident normally on a metal plate & eject photo 
electrons. The stopping potential for the photoelectrons ejected by the shorter wavelength is 
3.95 volts. Calculate the work function of the metal, & the stopping potential for the photoelectrons 
ejected by the longer wavelength. (Rydberg constant = 1.094 х 107 m!) 


A beam of light has three wavelengths 4144À, 4972А & 6216 A with a total intensity of 
3.6x10? W. m? equally distributed amongst the three wavelengths. The beam falls normally on an area 
1.0 cm? of a clean metallic surface of work function 2.3 eV. Assume that there is no loss of light by 
reflection and that each energetically capable photon ejects one electron. Calculate the number of 
photoelectrons liberated in two seconds. 
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Monochromatic radiation of wavelength X, = 3000А falls ona photocell operating in saturating mode. 
The corresponding spectral sensitivity of photocell is J = 4.8 x 10? АЛ. When another monochromatic 
radiation of wavelength А, = 1650A and power Р = 5 x 10-3 Wis incident, it is found that maximum 
velocity of photoelectrons increases п = 2 times. Assuming efficiency of photoelectron generation per 
incident photon to be same for both the cases, calculate 

threshold wavelength for the cell. мд. (1) saturation current in second case. 


A monochromatic point source S radiating wavelength 6000 À with A SC 
power 2 watt, an aperture A of diameter 0. 1 m & a large screen SC are 
placed as shown in figure . A photoemissive detector D of surface area 5 


0.5 cm? is placed at the centre of the screen. The efficiency ofthe detector — П лт. H 
for the photoelectron generation per incident photon is 0.9. L 

Calculate the photon flux density at the centre ofthe screen and the СІ. 

photocurrent in the detector . MÀ 


If a concave lens L of focal length 0.6 m is inserted in the aperture as shown, find the new values of 
photon flux density & photocurrent Assume a uniform average transmission of 80% for the lens . 

If the work-function ofthe photoemissive surface is 1 eV, calculate the values ofthe stopping potential in 
the two cases (without & with the lens in the aperture). 


A small 10 W source of ultraviolet light of wavelength 99 nm is held at a distance 0.1 m from a metal 
surface. The radius of an atom ofthe metal is approximaterly 0.05 nm. Find : 

the number of photons striking an atom per second. 

the number of photoelectrons emitted per second if the efficiency of liberation of photoelectrons is 1%. 


A neutron with kinetic energy 25 eV strikes a stationary deuteron. Find the de Broglie wavelengths of 
both particles in the frame of their centre of mass. 


Two identical nonrelativistic particles move at nght angles to each other, possessing De Broglie wavelengths, 
^, & X, . Find the De Broglie wavelength of each particle in the frame of their centre of mass. 


Astationary Не“ ion emitted a photon corresponding to the first line its Lyman series. That photon liberated а 
photoelectron froma stationary hydrogen atom in the ground state. Find the velocity of the photoelectron. 


A gas of identical hydrogen like atoms has some atoms in the lowest (ground) energy level A & some 
atoms in a particular upper (excited) energy level B & there are no atoms in any other energy level. The 
atoms of the gas make transition to a higher energy level by the absorbing monochromatic light of 
photon energy 2.7eV. Subsequently, the atoms emit radiation of only six different photon energies. Some 
of the emitted photons have energy 2.7 eV. Some have energy more and some havelessthan 2.7 eV. 
Find the principal quantum number of the initially excited level B. 

Find the ionisation energy for the gas atoms. 

Find the maximum and the minimum energies of the emitted photons. 


A hydrogen atom in ground state absorbs a photon ofultraviolet radiation of wavelength 50 nm. Assuming that 
the entire photon energy is taken up by the electron, with what kinetic energy will the electron be ejected ? 


À monochromatic light source of frequency v illuminates a metallic surface and ejects photoelectrons. 

The photoelectrons having maximum energy are just able to ionize the hydrogen atoms in ground state. 

When the whole experiment is repeated with an incident radiation of frequency (5/6)v, the photoelectrons 
so emitted are able to excite the hydrogen atom beam which then emits a radiation of wavelength of 
1215 A. Find the work function of the metal and the frequency v. 
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An energy of 68.0 eV is required to excite a hydrogen like atom from its second Bohr orbit to the third. The 
nuclear charge Ze. Find the value of Z, the kinetic energy of the electron in the first Bohr orbit and the 
wavelength of the electro magnetic radiation required to eject the electron from the first Bohr orbit to infinity. 


A classicat model for the hydrogen atom consists of a single electron of mass т, in circular motion of 
radius r around the nucleus (proton). Since the electron is accelerated, the atom continuously radiates 


electromagnetic waves. The total power Р radiated by the atom is given by P = Р,/ r where 
6 
е . . 
Bos 96r e Ст, (C =velocity of light) 
Find the total energy ofthe atom. 
Calculate an expression for the radius г (t) as a function of time. Assume that at t= 0, the radius isr) = 1 0719 п. 
Hence ог otherwise find the time t, when the аіот collapses in a classical model of the hydrogen atom. 


< е -15 
Take : ИЕ = г, 3x10 m 


TURN LINE 
ANE) тС 


Simplified picture of electron energy levels in а certain atom is shown in the 
figure. The atom is bombarded with high energy electrons. The impact of 
one of these electron has caused the complete removal of K-level is filled 
by anelectron from the L-level with a certain amount of energy being released 
during the transition. This energy may appear as X-ray or may all be used 
to eject an M-level electron from the atom. Find : TRI =— 
the minimum potential difference through which electron may be accelerated from rest to cause the 
ejectrion of K-level electron from the atom. 

energy released when L-level electron moves to fill the vacancy in the K-level. 

wavelength ofthe X-ray emitted. — (iy) К.Е ofthe electron emitted from the M-level. 


-3x10-734 ———————M 


0238 and U??? occur in nature in an atomic ratio 140 : 1. Assuming that at the time of earth’s formation 
the two isotopes were present in equal amounts. Calculate the age of the earth. 
(Half life of u?3 = 4.5 x 10° yrs & that of U235 = 7.13 x 108 yrs) 


The kinetic energy of an a — particle which flies out of the nucleus of a Ка226 atom in radioactive 
disintegration is 4.78 MeV. Find the total energy evolved during the escape of the a — particle. 


А small bottle contains powdered beryllium Be & gaseous radon which is used as a source of a-particles. 
Neutrons are produced when ac-particles ofthe radon react with beryllium. The yield of this reaction is (1/4000) 
i.e. only one ac-particle out of 4000 induces the reaction. Find the amount of radon (Rn???) originally introduced 
into the source, Ши produces 1.2 x 10° neutrons per second after 7.6 days. [T, , ofR, =3.8 days] 


An experiment is done to determine the half- life of radioactive substance that emits one B—particle 
for each decay process. Measurement show that an average of 8.4 f) are emitted each second by 
2.5 mg ofthe substance. The atomic weight of the substance is 230. Find the half life of the substance. 


When thermal neutrons (negligible kinetic energy) are used to induce the reaction ; 

ОВ n on —> MET t „Не . Q — particles are emitted with an energy of 1.83 MeV. 

Given the masses of boron neutron & Не” аз 10.01167, 1.00894 & 4.00386 и respectively. What is 
the mass of jli ? Assume that particles are free to move after the collision. 
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In a fusion reactor the reaction occurs in two stages : 

Two deuterium (? р) nuclei fuse to form a tritium (3 T nucleus with a proton as product. The reaction 
may be represented as D (D, p) T. 

A tritium nucleus fuses with another deuterium nucleus to form a helium ( : He) nucleus with neutron as 


another product. The reaction is represented as T(D , n) a. Find : 
The energy release in each stage . 


The energy release in the combined reaction per deuterium & 
What % ofthe mass ofthe initial deuterium is released in the form of energy. 
Given: (20)=2.014102и ; — (?T)=3.016049u; (Не)= 40026030 ; 


Ір|- 1.00785 us l |= 1.008665 u 
(iP) (on) 


A wooden piece of great antiquity weighs 50 gm and shows C^ activity of 320 disintegrations per minute. 
Estimate the length of the time which has elapsed since this wood was part of living tree, assuming that living 
plants show a C^ activity of 12 disintegrations per minute per gm. The halflife of C!^ is 5730 yrs. 


Show that in a nuclear reaction where the outgoing particle is scattered at an angle of 90° with the 
direction of the bombarding particle, the Q-value is expressed as 


(МИК rer 


Where, I = incoming particle, Р = product nucleus, T = target nucleus, О = outgoing particle. 





When Lithium is bombarded by 10 MeV deutrons, neutrons are observed to emerge at right angle to the 
direction of incident beam. Calculate the energy of these neutrons and energy and angle of recoil of the 
associated Beryllium atom. Given that : m (yn!) = 1.00893 amu ; m (,Li’) = 7.01784 ати; 
m (,H?) = 2.01472 amu ; and m (Be?) = 8.00776 amu. 


A body of mass m, is placed on a smooth horizontal surface. The mass of the body is decreasing 
exponentially with disintegration constant А. Assuming that the mass is ejected backward with a relative 
velocity v. Initially the body was at rest. Find the velocity of body after time t. 


A radionuclide with disintegration constant A is produced in a reactor at a constant rate ot nuclei per sec. 
During each decay energy E, is released. 20% of this energy is utilised in increasing the temperature of 
water. Find the increase in temperature of m mass of water in time t. Specific heat of water is S. Assume 
that there is no loss of energy through water surface. 
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EXERCISE # III 


A neutron of kinetic energy 65 eV collides inelastically with a singly ionized helium atom at rest . It is 
scattered at an angle of 90° with respect ofits original direction. 

Find the allowed values ofthe energy ofthe neutron & that ofthe atom after collision. 

Ifthe atom gets de-excited subsequently by emitting radiation, find the frequencies ofthe emitted radiation. 
(Given : Mass of he atom = 4x(mass of neutron), ionization energy of H atom =13.6 eV) [ЈЕЕ '93] 


A hydrogen like atom (atomic number Z) is in a higher excited state of quantum number n. This excited 
atom can make a transition to the first excited state by successively emitting two photons of energies 
10.20 eV & 17.00 eV respectively. Alternatively , the atom from the same excited state can make a 
transition to the second excited state by successively emitting two photons of energies 4.25 eV & 5.95 eV 
respectively. Determine the values of n & Z. (Ionisation energy of hydrogen atom = 13.6 eV) [JEE'94] 


Select the correct alternative(s) : 

When photons of energy 4.25 eV strike the surface of a metal A, the ejected photo electrons have 
maximum kinetic energy T,eV and de- Broglie wave length y,. The maximum kinetic energy of photo 
electrons liberated from another metal B by photons of energy 4.70 eV is T, = (T, - 1.50) eV. If the 
de-Broglie wave length of these photo electrons is үр =2y,, then : 

(A) the work function of Ais 2.225 eV (B) the work function of B is 4.20 eV 

(С) Т,=2.00еу (D) T= 2.75 eV [JEE'94] 


Ina photo electric effect set-up, a point source of light of power 3.2 x 10? W emits mono energetic 
photons of energy 5.0 eV. The source is located at a distance of 0.8 m from the centre of a stationary 
metallic sphere of work function 3.0 eV & ofradius 8.0 x 10m. The efficiency of photo electrons 
emission is one for every 10° incident photons. Assume that the sphere is isolated and initially neutral, 
and that photo electrons are instantly swept away after emission. 

Calculate the number of photo electrons emitted per second. 

Find the ratio of the wavelength of incident light to the De - Broglie wavelength ofthe fastest photo 
electrons emitted. 

It is observed that the photo electron emission stops at a certain time t after the light source is switched 
on. Why ? 

Evaluate the time t. [JEE’95] 


An energy of 24.6 eV is required to remove one of the electrons from a neutral helium atom. The 
energy (In eV) required to remove both the electrons forma neutral helium atomis : 
(A) 38.2 (B) 49.2 (C) 51.8 (D) 79.0 ПЕЕ?95] 


An electron, in a hydrogen like atom, is in an excited state . It has a total energy оҒ- 3.4 eV. 
Calculate: (1) The kinetic energy & (и) The De- Broglie wavelength ofthe electron. [JEE 96] 





An electron in the ground state of hydrogen atoms is revolving in EN. 
anti-clockwise direction ina circular orbit ofradius R. A. 

Obtain an expression for the orbital magnetic dipole moment ofthe electron. ГА \ 
The atom is placed in a uniform magnetic induction, such that the plane normal | | | 
to the electron orbit make an angle of 30° with the magnetic induction. Find S | / 
the torque experienced by the orbiting electron. [JEE'96] > ЕБ к © 


A potential difference of 20 KV is applied across an x-ray tube. The minimum wave length of X - rays 
generated is [JEE'96] 
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Q.9() As per Bohr model, the minimum energy (in eV) required to remove an electron from the ground state 


(i) 


of doubly ionized Li atom (Z = 3) is 

(A) 1.51 (B) 13.6 (C) 40.8 (D) 122.4 

Assume that the de-Broglie wave associated with an electron can form a standing wave between the 
atoms arranged in a one dimensional array with nodes at each ofthe atomic sites. Itis found that one 
such standing wave is formed ifthe distance 'd' between the atoms ofthe array is 2 À. A similar standing 
wave is again formed if 'd' is increased to 2.5 A but not for any intermediate value of d. Find the 
energy ofthe electrons in electron volts and the least value of d for which the standing wave ofthe type 
described above can form. [JEE' 97] 


Q.10(i) The work function of a substance is 4.0 eV . The longest wavelength of light that can cause photoelectron 


(0 


Q.11 


Q.12 


emission from this substance is approximately : 
(A) 540 nm (B) 400 nm (C) 310 nm . (D) 220nm 


The electron in a hydrogen atom makes a transition n, ——> m, where n, & n, are the principal quantum 
numbers ofthe two states . Assume the Bohr model to be valid . The time period ofthe electron in the 
initial state is eight times that in the final state . The possible values of n, & n, are: 

(А) пп=4,„=2 i (B) n = 82-0 

(C) n =8, m= | (D) n, =6, n, =3 [JEE '98] 


A particle of mass M at rest decays into two particles of masses m, and m,, having non-zero velocities. 
The ratio of the de-Broglie wavelengths of the particles, A,/ А, is 
(A) m,/m, (B) m,/m, (C) 1.0 (D) Vm,/Vm, [JEE *99] 


Photoelectrons are emitted when 400 nm radiation is incident on a surface. of work function 1.9eV. 
These photoelectrons pass through a region containing «-particles. А maximum energy electron combines 
with an a.-particle to form a Не” ion, emitting a single photon in this process. Не” ions thus formed are 
in their fourth excited state. Find the energies in eV of the photons, lying in the 2 to 4eV range, that are 
likely to be emitted during and after the combination. [Take , h=4.14 x 10-1? eV-s] [JEE 99) 


Q.13(a) Imagine an atom made up of a proton and a hypothetical particle of double the mass of the electron but 


(b) 


having the same charge as the electron. Apply the Bohr atom model and consider all possible transitions 
of this hypothetical particle to the first excited level. The longest wavelength photon that will be emitted 
has wavelength А (given in terms of the Rydberg constant R for the hydrogen atom) equal to 

(A) 9/(5R) (B) 36/(5R) (C) 18/(5R) (D)4/R [JEE 2000 (Scr)] 


The electron іп a hydrogen atom makes a transition from an excited state to the ground state. Which of 
the following statements is true? 

(A) Its kinetic energy increases and its potential and total energies decrease. 

(B) Its kinetic energy decreases, potential energy increases and its total energy remains the same. 

(C) Its kinetic and total energies decrease and its potential energy increases. 

(D) Its kinetic, potential and total energies decrease. [JEE’ 2000 (Scr)] 


Q.14(a) A hydrogen - like atom of atomic number Z is inan excited state of quantum number 2 n. It can emit 


(b) 


a maximum energy photon of 204 eV. If it makes a transition to quantum state n, a photon of energy 
40.8 eV is emitted. Find n, Z and the ground state energy (in eV) for this atom. Also, calculate the 
minimum energy (in eV) that can be emitted by this atom during de-excitation. Ground state energy of 
hydrogen atom is – 13.6 eV. ПЕЕ 2000) 


When a beam of 10.6 eV photon of intensity 2 W/m? falls on a platinum surface of area 1 x 104 m? and 
work function 5.6 ev, 0.53% of the incident photons eject photoelectrons. Find the number of 
photoelectrons emitted per sec and their minimum and maximum energies in eV. ПЕЕ 2000] 
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The potential difference applied to an X - ray tube is 5 kV and the current through it is 3.2 mA. Then the 
number of electrons striking the target per second is [JEE' 2002 (Scr.)] 
(A) 2 x 1016 (B) 5 x 1016 (С) 1 x 1017 (D) 4 x 1055 

A Hydrogen atom and 11” ion are both in the second excited state. If /,, and J, ; are their respective 
electronic angular momenta, and Е and E, ; their respective energies, then 

(А) 14 7 1; and |E,| > IE; | (B) а= 4; and [Е | < [E, | 

(C) 44 7 4; and-|E,| > |E,,| (D) 44 < 4; and |Е,|< [Е] [ЕЕ 2002 (Scr)] 

A hydrogenlike atom (described by the Bohr model) is observed to emit six wavelengths, originating 
fromall possible transition between a group of levels. These levels have energies between — 0.85 eV and 
— 0.544 eV (including both these values) 

Find the atomic number of the atom. 

Calculate the smallest wavelength emitted in these transitions. [JEE' 2002] 


Two metallic plates A and В each of area 5 x 10-4 m?, are placed at a separation of 1 cm. Plate B carries 
a positive charge of 33.7 x 10-12 С. A monochromatic beam of light, with photons of energy 5 eV each, 
starts falling on plate A at t = 0 so that 1016 photons fall on it per square meter per second. Assume that 
one photoelectron is emitted for every 10° incident photons, Also assume that all the emitted photoelectrons 
are collected by plate B and the work function of plate Aremains constant at the value 2 eV. Determine 
the number of photoelectrons emitted up to t= 10 sec. 

the magnitude of the electric field between the plates A and B at t= 10 s and 

the kinetic energy of the most energetic photoelectron emitted at t = 10 s when it reaches plate В. 
(Neglect the time taken by photoelectron to reach plate B) ПЕЕ 2002] 


The attractive potential for an atom is given by у = v, /n (r / то), v, and r, are constant and ris the radius 


of the orbit. The radius г of the n? Bohr's orbit depends upon principal quantum number n as : 
(A)ron (В) rx I/n? (С) госп? (D) гос 1/n 
[JEE' 2003 (Scr)] 


Frequency of a photon emitted due to transition of electron of a certain elemrnt from L to K shell is 
found to be 4.2 x 1018 Hz. Using Moseley's law, find the atomic number ofthe element, given that the 
Rydberg's constant R= 1.1 x 10? m”. [JEE' 2003] 


In a photoelctric experiment set up, photons of energy 5 eV falls on the cathode having work function3 eV 
Ifthe saturation current is i, = 4НА for intensity 10-5 W/m, then plot a graph between anode potential 
and current. 

Also draw a graph for intensity of incident radiation of 2 x 10-5 W/m?? [JEE' 2003] 


A star initially has 1040 deutrons. It produces energy via, the processes ,H? + ,H? > Н? + p 
& ҮН? + H? > „Не“ * n. Ifthe average power radiated by the star is 1016 W, {Бе deutéron Süpdly of 
the star is ВЕЛ in a time of the order of : [JEE '93] 

(A) 106 sec (B) 108 sec (С) 1012 sec (D) 1016 sec 


A small quantity of solution containing 24Ча radionuclide (halflife 15 hours) of activity 1.0 microcurie 
is injected into the blood of a person. A sample ofthe blood of volume 1 cm? taken after 5 hours 
shows an activity of 296 disintegrations per minute. Determine the total volume of blood in the body of 
the person. Assume that the radioactive solution mixes uniformly in the blood of the person. 
(1 Curie 73.7 х 1019 disintegrations per second ) [JEE"94] 


О.24(1) Fast neutrons can easily be slowed down Бу : 


(A) the use of lead shielding (B) passing them through water 
(C) elastic collisions with heavy nuclei (D) applying a strong electric field 
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Consider a – particles, B — particles & y rays, each having an energy of 0.5 MeV. Increasing order 


of penetrating powers, the radiations are : [JEE’94] 
(Әа,В,у. (В) о, у, В (C) В, у, а (D) v. B, а 
Which ofthe following statement(s) is (are) correct ? [JEE'94] 


(A) The rest mass of a stable nucleus is less than the sum of the rest masses of its separated nucleons. 
(B) The rest mass of a stable nucleus is greater than the sum of the rest masses of its separated nucleons. 
(С) In nuclear fusion, energy is released by fusion two nuclei of medium mass (approximately 100 amu). 
(D) In nuclear fission, energy is released by fragmentation ofa very heavy nucleus. 


The binding energy per nucleon of !°O is 7.97 MeV & that of !70 is 7.75 MeV. The energy in MeV 
required to remove a neutron from !7О is : [JEE’95] 
(A) 3.52 (B) 3.64 (C) 4.23 (D) 7.86 


At a given instant there are 25 % undecayed radio — active nuclei in a sample. After 10 sec the number 
ofundecayed nuclei remains to 12.5% . Calculate : [JEE 96] 
mean- life of the nuclei and 

The time in which the number of undecayed nuclear will further reduce to 6.25 % ofthe reduced number. 


Consider the following reaction ; ?H, ЯР ?H, -^He, +Q. [JEE 96] 
Mass ofthe deuterium atom = 2.0141u ; Mass of the helium atom = 4.0024 u 
This is a nuclear reaction in which the energy Q is released is MeV. 


Q.29(a)The maximum kinetic energy of photoelectrons emitted froma surface when photons of energy 6 eV 


(b) 


(с) 


0.30 
@ 


(i) 


fall onitis 4 eV The stopping potential in Volts is : 

(A) 2 (В) 4 (C) 6 (D) 10 

Inthe following, column I lists some physical quantities & the column II gives approx. energy values 
associated with some of them. Choose the appropriate value of energy from column П for each of the 
physical quantities in column I and write the corresponding letter A, B, C etc. against the number (1), 
(ii), (ш), etc. ofthe physical quantity in the answer book. In your answer, the sequence of column I 
should be maintained . 


Column I Column П 
(i) Energy of thermal neutrons (A) 0.025 eV 
(ii) Energy of X-rays (B)0.5eV 
(ш) ^ Binding energy per nucleon (C)3 eV 
(iv) Photoelectric threshold of metal (D) 20 eV 
(E) 10 keV 
(F) 8 MeV 


The element Curium 259 Cmhas a mean life of 10!3 seconds. Its primary decay modes аге spontaneous 
fission and о. decay, the former with a probability of 8% and the latter with a probability of 92%. Each 
fission releases 200 MeV of energy . The masses involved in a decay аге as follows : 

25 CM=248.072220u, 74, Pu-244.064100u& ;He =4.002603 u. 

Calculate the power output from a sample of 102? Cm atoms. (10 = 931 MeV/c?) [JEE'97] 


Select the correct alternative(s) . [JEE '98] 


Let m, be the mass of a proton, m, the mass of a neutron, M, the mass of a 0 Ne nucleus & М, the 
p Р п | 10 2 
mass ofa 2Са nucleus. Then : 


(А) М,-2М, (B) M,>2M, (С) M,«2M, (0—0) М, <10(m, + m) 


The half- life of !?!T is 8 days. Given a sample of !3!I at time t = 0, we can assert that : 
(A) no nucleus will decay before t=4 days (В) no nucleus will decay before t = 8 days 
(C) all nuclei will decay before t= 16 days (D) a given nucleus may decay at any time after t= 0. 


———— — ———— —————————— — чи ЕНЕ 
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0.31 


(а) 
(b) 


Q.32(a) Binding energy per nucleon vs. mass number curve for 


(b) 


(c) 


(d) 


(e) 


Q.33 


0.34 


036 


0.37 


0.38 


0.39 


Nuclei of a radioactive element A аге being produced at a constant rate a . The element has a decay 
constant À . At time t= 0, there are М, nuclei of the element. 

Calculate the number N of nuclei of A at timet . 

Ifa=2N)A, calculate the number of nuclei of A after one halflife of A & also the limiting value of N as to. 
[JEE 981 






nuclei is shown in the figure. W, Х, Ү and Z are four 

nuclei indicated on the curve. The process that would 

release energy is 

(A) Y > 22 (B)W > X+Z Li i i 

(С) W > 2Y (D)X > Y+Z н 
Mass Number of Nuclei 

Order of magnitude of density of Uranium nucleus is, [mp = 1.67 x 10-27 kg] 

(A) 1020 kg/m? (В) 107 kg/n? (C) 101“ kg/m? ` (D) 10! kg/m? 


2Ne nucleus, after absorbing energy, decays into two oc-particles and an unknown nucleus. The unknown 
nucleus is 
(A)nitrogen (B) carbon (C)boron : (D) oxygen 


Binding Enerey/nucleon 


Which ofthe following is a correct statement? 

(A) Beta rays are same as cathode rays 

(B) Gamma rays are high energy neutrons. 

(C) Alpha particles are singly ionized helium atoms 
(D) Protons and neutrons have exactly the same mass 
(E) None 


The half-life period of a radioactive element X is same аз the mean-life time of another radioactive 
element Y. Initially both ofthem have the same number of atoms. Then 

(A) X & Y have the same decay rate initially (B) X & Y decay at the same rate always 

(C) Y will decay at a faster rate than X (D) X will decay at a faster ratethan Y [JEE 99) 


Two radioactive materials X, and X, have decay constants 10А, and А, respectively. If initially they have the 
same number of nuclei, then the ratio of the number of nuclei of X, to that of X, will be 1/e after a time 


(A) 1/(10A) (В) 1/(1IA) (С) 11/(10A) (D) 1/(9A) [JEE'2000 (Scr)] 
The electron emitted in beta radiation originates from [JEE’2001(Scr)] 

(A) inner orbits of atoms (B) free electrons existing in nuclei 

(C) decay ofa neutron ina nucleus (D) photon escaping from the nucleus 

The half- life оЁ215 А+ is 100 из. The time taken for the radioactivity of a sample of 2!5At to decay to 
1/16" ofits initial value is [JEE 2002 (Scr)] 

(A) 400 us (В) 6.3 из (C) 40 us (D) 300 us 

Which ofthe following processes represents a gamma - decay? [JEE 2002 (Scr)] 

(A) ^X, ty —>4X,_,tatb (В) ^X, + 1n, —>*3X, te 

(САХ —9 5X, f (D) АХ, te, — АХ, |+ 

The volume and mass of a nucleus are related as [JEE 2003 (Scr)] 
(A)voc m (B) v æ 1/m (C) v «c m? (D) v әс 1/m? 

The nucleus of element X (A= 220) undergoes a-decay. If Q-value ofthe reaction is 5.5 MeV, then the 
kinetic energy of a-particle is : [JEE 2003 (Scr)] 

(A) 5.4 MeV (B) 10.8 MeV (C) 2.7 MeV (D) None 

A radioactive sample emits n B-particles in 2 sec. In next 2 sec it emits 0.75 n B-particles, what is the 
mean life ofthe sample? [JEE 2003] 
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0.40 


0.41 


0.42 


0.43 


0.44 


(а) 
(b) 


Q.45 


Q.46 


Q.47 


Q.48 


The wavelength ofK,, X-ray ofan element having atomic number z = 11 is А. The wavelength of K, 
X-ray of another element of atomic number z' is 4л. Then z' is 
(A) 11 (В) 44. (C) 6 (D)4 [JEE 2005 (Scr)] 


A photon of 10.2 eV energy collides with a hydrogen atom in ground state inelastically. After few 
microseconds one more photon of energy 15 eV collides with the same hydrogen atom. Then what can 
be detected by a suitable detector. 

(A) one photon of 10.2 eV and an electron of energy 1.4 eV 

(B) 2 photons of energy 10.2 eV 

(C) 2 photons of energy 3.4 eV 

(D) 1 photon of 3.4 eV and one electron of 1.4 eV [JEE' 2005 (Scr)] 


Helium nuclie combines to form an oxygen nucleus. The binding energy per nucleon ofoxygen nucleus is 
if mo = 15.834 amu and my, = 4.0026 amu 
(A) 10.24 MeV (B)0 MeV (C) 5.24 MeV (D) 4 MeV 

[JEE' 2005 (Scr)] 
The potential energy ofa particle of mass m is given by 
OPI 


ғ 


JE 
= Lent 
Vix) |0 х>1 | 


À, and à, are the de-Broglie wavelengths of the particle, when 0 <x < 1 and x > 1 respectively. If the 
total energy of particle is 2Ep, find ,/A,. [JEE 2005] 


Highly energetic electrons are bombarded ona target of an element containing 30 neutrons. The ratio of 
radii of nucleus to that of helium nucleus is (14)13. Find 
atomic number of the nucleus 
the frequency of K, line of the X-ray produced. (R= 1.1x 107 m and c=3 х 10° m/s) 

[JEE 2005] 
Given a sample of Radium-226 having half-life of 4 days. Find the probability, a nucleus disintegrates 
within 2 half lives. 
(A)1 (B) 1/2 (C) 3/4 (D) 1/4 [JEE 2006] 


The graph between 1/A and stopping potential (V) ofthree metals 
having work functions фу, ф, and ф; in an experiment of photo- metall metal 2 metal 3 
electric effect is plotted as shown in the figure. Which ofthe 4 
following statement(s) is/are correct? [Here X 

is the wavelength of the incident ray]. 
(A) Ratio of work functions о, :ф,:ф,=1:2:4 0.001 0.002 0.004 I/A 
(B) Ratio of work functions 9, : 95:947 4:2:1 

(C) tan Ө is directly proportional to hc/e, where h is Planck's constant and с is the speed of light 
(D) The violet colour light can eject photoelectrons from metals 2 and 3. [JEE 2006] 





nm 


In hydrogen-like atom (z= 11), n" line of Lyman series has wavelength А equal to the de-Broglie's 
wavelength of electron in the level from which it originated. What is the value of n? [JEE 2006] 


Match the following Columns [JEE 2006] 
Column 1 Column 2 

(A) Nuclear fusion (P) Converts some matter into energy 

(B) Nuclear fission (Q) Generally occurs for nuclei with low atomic number 

(C) В-4есау (R) Generally occurs for nuclei with higher atomic number 

(D) Exothermic nuclear reaction (S) Essentially proceeds by weak nuclear forces 
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ANSWER KEY 
EXERCISE # I 














0.1 885 0.2 (a) 2.25eV, (b) 4.2eV, (c) 2.0 eV, 0.5 eV 0.3. (a)0.6 volt, (b) 2.0 mA 
0.4 when the potential is steady, photo electric emission just stop when hv = (3 + 1)eV = 4.0 eV 
Q.5 5.70 10 PA > Q6 15%Уу Q.7  487.06nm 0.8 4.26 m/s, 13.2 eV 
M3 
(p.07 7:36 Q.10 22.8 nm Q.11 "YI 0.12 IS/(SR) 
11 ^2 
Q.13 1257x107 Am? 014 248х10:72т 0.15 16^ 807 0.16 2е\, 6.53 x 10?*]-s 
л 
h 
0.17 5 0.18 (1) 5, 16.5 eV, 36.4 A, 340 eV, - 680 eV, a 1.06 x 10°! m 
0.49 `*2=3, п=7 0.20 544еУ 0.21 п-3,3:1 0.22 23.6 MeV 
0.23 (Т, = 10.8 sec) Q.24 (i) ЮК — WArt,,e°+ v (ii) 4.2 х 10° years 
5 | 
0.25 t= ni 0.26 8/3х10!8 вес 0.27 1.14 x 10!* sec 0.28 —h/eEt? 
v 
EXERCISE 5 II 
38IRh 
О1  SIhR/3C 15C 0.2 4.8x 1016, 4.0 cm Q.3 1.99 eV, 0.760 V 
Q.4 1.1 x 1022 Q.5 (i) 4125À, (ii) 13.2 pA 
Q.6 (1) 1.33 x 10" photons/m?~s; 0.096 ЦА (ii) 2.956 x 10/5 photons/m?s ; 0.0213 uA (iii) 1.06 volt 
Q.7 (1) 5/16 photon/sec, (и) 5/1600 electrons/sec (IB AE 75 coe S 6pm 
2А, 
к=: ^4 6 2 = (Pe 197.7535 
Q9 A Nore 010 3.1x105m/s 0411 (i) 2; (1) 23.04 x10; (їй) 4->1,4-э3 
0.12 1124eV 0.13 6.8 eV, 5х105Н2 0.14 489.6 eV, 25.28 А 
1/3 
о а 
0. ()- mu ы (п) 0 ЕЕ ‚ (ш) 10 ел sec 
0.16 (i) 1.875 x 10* V, (11) 2.7 x 105 J, (їп) 0.737 A, (iv) 2.67 x 1075 J 
Q.17 6.04 x 10° yrs 0.18 4.87 MeV 0.19 3.3х 10-6 в 
0.20 1.7х 1010 years 0.21 7.01366 amu 
0.22 (а) 4Меу ‚17.6 (b) 7.2 MeV (с) 0.384% 023 5196yrs 
0.25 Energy of neutron = 19.768 MeV ; Energy of Beryllium = 5.0007 MeV; 
Angle of recoil = tan“! (1.034) or 46° 
0.2E,| at—— 1-27) 
0.26 v-uX 027 AT= ^ : 





ms 
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EXERCISE # Ш 


0.1 (0) Allowed values of energy of neutron = 6.36 eV and 0.312 eV ; Allowed values of energy of He atom 
= 17.84 eV and 16.328 eV, (ii) 18.23 x 10/5 Hz, 9.846 x 10!5 Hz, 11.6 x 1015 Hz 





Q2 п=6, Z=3 03 В,С 0.4 (а) 1055; (Ы) 286.18; (d) 111 s 
сер, ЖЕР, „he a. еВ 

Q5« D Q.6 ()KE-34eV,(i) 4-7 6.66 А Q7 D үч (à) = 

0.8 0.61 А Q9 (00р, (1) KE=151 eV, deas =0.5 А 

Q.10 @ С (i) A,D ой C 


0.12 during combination =3.365 eV; after combination = 3.88 eV (5 > 3) & 2.63 еУ(4-»3) 

0.13 (а) С, (b) A 

Q.14 (a)n=2,z=4; GS E. — 217.6 eV; Min. energy = 10.58 eV; (b) 6.25x10!? per sec, 0, 5 eV 

0.15 А Q.16 В 0.173, 4052.3 пт 0.18 5x107, 2000N/C, 23 eV 





0.19 А 0.20 z=42 
022 © 0.23 бе 0.24 () В, (1) А 0.25 А, р 
0.26 С 0.27 ()t,-10sec,t = 14.435 (и) 40 seconds 


0.28 Fusion,24 029 (ав, (Ы) (i) - A, (ii)-E, (iii) -Е (iv) - C, (с) 233.298 uW 


3N, 











Q30 ()C.D (i) D 031 (a) N= = [a (1 -e™)+ A N,e™] (b) ON 
0.32 (a) C ;(b)B ;(c) B;(d) E; (e) C Q.33 D 
034 С 035 А 036 С 0.37 А 
038 А 0.39 1.75п = №1 - e^), 6.95 вес, à : 0.40 C 

in| $ 
Q41 A 0.42 A Q.43 ./2 0.44 у=1.546х 1013 Hz 
0.45 С 0.46 АС 0.47 п=24 


0.48 (A) О; (B) P, К, (С) $, P; (D) P, Q, R 


EE ЧН 
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KEY CONCEPT 
FORCE 
1. There are, basically, five forces, which are commonly encountered in mechanics. 
(i) Weight : Weight of an object is the force with which earth attracts it. It is also called the force of gravity 
or the gravitational force. 





_ GMm 
W= R? =mg 
(1) Contact Force : When two bodies come in contact they exert forces on each other that is called contact 


forces. 
(a) Normal force (N) : It is the component of contact force normal to the surface. я 
It measures how strongly the surfaces in contact are pressed together. i ZS 
(b) Frictional force : It is the component of contact force parallel to the surface. | f ^| | 
. . . . Е 
It opposes the relative motion (or attempted motion) of the two surfaces in contact. N 


(ii) ^ Tension: The force exerted by the end ofa taut string, rope or chain is called the tension. The direction 
of tension is to pull the body while that of normal reaction is to push the body. 


(iv) | Spring force : The force exerted by a spring is given by F =- kx, where x is the change in length and К 
is the stiffness constant or spring constant (units Nm ). 


NEWTON'S LAWS 
2. Newton's First Law : Every particle continues in its state of rest or of uniform motion ina straight line 
unless it is compelled to change that state by the action of an applied force. 


3. Newton's Second Law: F..=ma 


4. Newton's Third Law : Whenever two bodies interact they exert forces on each other which are equal 
in magnitude and opposite in direction. So whenever body A exerts a force F on body B, B exerts a 
force- F on A. 


Inertial Reference Frame : A reference frame in which Newton's first law is valid is called an inertial 
reference frame. An inertial frame is either at rest or moving with uniform velocity. 


Non-Inertial Frame: An accelerated frame of reference is called a non-inertial frame. Objects in non- 
inertial frames do not obey Newton's first law. 


Pseudo Force : It is an imaginary force which is recognized only by а non-inertial observer to explain 
the physical situation according to Newton’s law The magnitude of this force F, is equal to the product 
of the mass m of the object and acceleration a of the frame of reference. The direction of the force is 
opposite to the direction of acceleration. 

Fp =- ma 


The force of friction comes into action only when there is a relative motion between the two contact 
surfaces or when an attempt is made to have it. 


The force of friction on each body is ina direction opposite to its motion (existing or impending) relative 
to other body. 
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5. Static friction : The frictional force acting between any two surfaces at rest with respect to each other 
is called the force of static friction (f). 


E SuN 


where р, 15 the static coefficient of friction. 


6. Kinetic friction : The frictional force acting between surfaces in relative f 
motion with respect to each other is called the force of kinetic friction or РЕ 

are ee е elative 

sliding friction (£). (тах = Motion 

f, = WN 

where p is the coefficient of kinetic friction. о Е 


> 






Angle of friction ($) : Mathematically, the angle of friction (ф) may be defined as the angle between the 
normal reaction М and the resultant of the maximum friction force f and the normal reaction. 
f 
Thus (апф = N 
Since f= uN, therefore, 
tan > = р 
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Q.2 


Q.3 


Q.4 


0.5 


0.6 


0.7 


0.8 


0.9 


0.10 


(NEWTONS LAW FORCE & FRICTION) | 
EXERCISE-I | 


A block of mass 1 kg is stationary with respect to aconveyor belt that is accelerating 
with 1 m/s’ upwards at an angle of 30° as shown in figure. Determine force of friction 
on block and contact force between the block & bell. 


Aman of mass 63 kg is pulling a mass M by an inextensible light rope passing 
through a smooth and massless pulley as shown in figure. The coefficient of 
friction between the man and the ground is и = 3/5. Find the maximum value 
ofM that can be pulled by the man without slipping on the ground. 


Two blocks A and B of mass m 10 kg and 20 kg respectively are placed as 
shown in figure. Coefficient of friction between all the surfaces is 0.2. Then 
find tension in string and acceleration of block B. (g= 10 m/s?) 





An inclined plane makes an angle 30? with the horizontal. A groove 
OA=5 m cut in the plane makes an angle 30? with OX. A short 
smooth cylinder is free to slide down the influence of gravity. Find the 
time taken by the cylinder to reach from A to О. ( g = 10 m/s?) О 





Same spring is attached with 2 kg, 3 kg and 1 kg blocks in three different cases as shown in figure. If x, 
x, and x, be the constan extensions in the spring in these three cases then find the ratio of their extensions. 


WAL ШШ ШШ | 
B. „А. ae 
(a) (b) (c) 


A rope of length L has its mass per unit length À varies according to the function ciu 
А. (x)= e*t. The rope is pulled by a constant force of 1N on a smooth horizontal ; T IN 
surface. Find the tension in the rope at x =L/2. smooth 


In figure shown, both blocks are released from rest. 
Find the time to cross each other? 


A man of mass 50 kg is pulling on a plank of mass 100 kg kept on a 
smooth floor as shown with force of 100 М. If both man & plank move 
together, find force of friction acting on man. 


Inthe figure, what should be mass m so that block A slide up with a 


constant velocity? 


What should be minimum value ofF so that 2 kg slides on ground 
but 1 kg does not slide on it? [g = 10 m/sec?] 
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О.П 


0.12 


0.13 


0.14 


0.15 


0.16 


0.17 
0.18 


0.19 


0.20 


Q.21 


In figure shown, pulleys аге ideal m, > 2 m,. Initially the system 15 in 
equilibrium and string connecting m, to rigid support below is cut. Find 
the initial acceleration of m,? 


Find the reading of spring balance as shown in figure. 
Assume that mass M is in equilibrium 





At what acceleration ofthe trolley will the string makes an angle of 
37° with vertical if a small mass is attached to bottom of string. 





At what value of m, will 8 kg mass be at rest. 





What force must man exert on rope to keep platform in equilibrium? е5. 


50 kg 


platform, 40 kg 


Inclined plane is moved towards right with an acceleration of 5 ms? O 

as shown in figure. Find force in newton which block of mass 5 kg А 

exerts on the incline plane. EIE 
5 m/s’ -> 


A 
: : , Mer e ; i 3 m/s’ 
Find force in newton which mass A exerts оп mass B if B is moving xd : 
4 zar 


towards right with З 11572. 


Force F is applied on upper pulley. If F = 30t where t is time 
in second. Find the time when m, loses contact with floor. 





m,-4kg, m,=1kg 


A block of mass 1 kg is horizontally thrown with a velocity of 10 m/s on a stationary long plank of 
mass 2 kg whose surface has a p = 0.5. Plank rests on frictionless surface. Find the time when m, 
comes to rest w.r.t. plank. 


m 
Block M slides down on frictionless incline as shown. Find the minimum 
friction coefficient so that m does not slide with respect to M. 
379 

The coefficient of static and kinetic friction between the two blocks 
and also between the lower block and the ground are = И 

=2ke | (H.70.6,1,70.4) 
p, = 0.6 and pi, = 0.4. Find the value of tension T applied on the lower 

=2Кр 


block at which the upper block begins to slip relative to lower block 


В 
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Q.22 


Q.23 


Q.24 


Q.25 


0.1 
(а) 
(b) 


02 


Q3 


0.4 


(а) The spring between ceiling & Ais cut. 
(b) The string (inextensible) between A & B is cut. 
(c) The spring between B & C is cut. 


0.5 


0.6 


Three identical rigid circular cylinders A, В and С are arranged 


on smooth inclined surfaces as shown in figure. Find the least 


value of 6 that prevent the arrangement from collapse. 





frictionless light pulley. Man A climbs up the rope with acceleration a relative to the rope while man B 
hangs on without climbing. Find the acceleration of the man B with respect to ground. 


A thin rod of length 1 m is fixed in a vertical position inside a train, which is moving horizontally with 
constant acceleration 4 m/s”. А bead can slide on the rod, and friction coefficient between them is 1/2. 
If the bead is released from rest at the top of the rod, find the time when it will reach at the bottom. 


A body of mass М = 5kg rests on a horizontal plane having coefficient of fiction u=0.5.Att=0a 
horizontal force F is applied that varies with time as Е = 5t. Find the time instant t, at which motion starts 
and also find the distance of particle from starting point at t= 6 second. 


EXERCISE-H 


A block of mass m lies on wedge of mass M as shown in figure. Answer 
following parts separately. {np 
With what minimum acceleration must the wedge be moved towards A 


right horizontally so that block m falls freely. 
Find the minimum friction coefficient required between wedge M and ground so that it does not move 
while block m slips down on it. 


A 20 kg block B is suspended from a cord attached 
to a 40 kg cart A. Find the ratio of the acceleration 
of the block in cases (i) & (ii) shown in figure 
immediately afterthe system is released from rest. 
(neglect friction) Case 0) Case (И) 





The masses of blocks A and B are same and equal to m. Friction is 
absent everywhere. Find the normal force with which block B presses 
on the wall and accelerations of the blocks A and B. 





The system shown adjacent is in equilibrium. Find the acceleration ofthe us 
blocks A, B & C all of equal masses m at the instant when 
(Assume springs to be ideal) 





Also find the tension in the string when the system is at rest and in the above 3 cases. 


In the system shown. Find the initial acceleration of the wedge of mass 5M. 
The pulleys are ideal and the cords are inextensible. 
(there is no friction anywhere). 


The system is released from rest in the position shown. Calculate the tension T in 
the cord and the acceleration a of the 30 kg block in the position shown. The 
small pulley attached to the block has negligible mass and friction. 
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Q.7 


0.8 


(а) The plots of acceleration of each block with time from t=Otot=10sec. |792 


Aplank of mass m is kept on a smooth inclined plane. А man of mass т times the mass A d 
of plank moves on the plank, starts from A, such that the plank is at rest, w.r.t. the 5 

inclined plane. Ifhe reaches the other end В of the plank in t= 55ес. Then find the B 

acceleration & the value of n, ifthe length of the plank is 50m. НЫЕ O 


Two horizontal blocks each of mass 1/2 kg are connected Бу а massless, 

inextensible string of length 2m and placed on a long horizontal table. 

The coefficient of static & kinetic friction are shown in the figure. Initially Е 
the blocks are at rest. If the leading block is pulled with а time dependent в ж a | 
horizontal force F=kt i where k=1N/sec., determine ш-0.4 н;=0.6 


(b) Velocity of blocks at t= 10sec. 
(c) Distance transversed by the blocks in the time interval t= 0 to t= 10sec. 
(d) ТЕЕ stops acting at t= 10sec. find after how much further time would B collide with А. 


0.9 


0.10 
() 
(it) 
(iii) 
О.П 


Q.12 


Q.13 


Q.1 


m, = 20ке, m, = 30kg. m, is on smooth surface. 
Surface between m, and m, has м, = 0.5 and 
и, = 0.3. Find the acceleration of m, and m, for 
the following cases 

(a) (1) F= 160 М, (ii) F = 175 М; (D F=160N 





A system of masses is shown in the figure with masses & 
co-efficients of friction indicated. Calculate : 

the maximum value of F for which there is no slipping anywhere . 
the minimum value of F for which В slides on С. 

the minimum value of F for which A slips on B. 





А car begins to move at time t = 0 and then accelerates along a straight track with a speed given by 
V(t) = 22 ms! for 0 «t «2 

After the end of acceleration, the car continues to move at a constant speed. A small block initially at rest 
on the floor of the car begins to slip att = 1 sec. and stops slipping at t = 3 sec. Find the coefficient of 
static and kinetic friction between the block and the floor. 


A smooth right circular cone of semi vertical angle а = tan !(5/12) is at rest on a horizontal plane. 
A rubber ring of mass 2.5kg which requires a force of 15N for an extension of 10cm is placed on 
the cone. Find the increase in the radius of the ring in equilibrium. 


The collar of mass m slides up the vertical shaft under the action of a force F of 
constant magnitude but variable direction of 0 = kt where К is a constant and if the 
collar starts from rest with Ө = 0, determine the magnitude F of the force that will 
result in the collar coming to rest as Ө reaches 7/2. The coefficient of kinetic friction 
between the collar and the shaft is ц. 





EXERCISE-III 


A block of mass 0.1kg is held against a wall by applying a horizontal force of 5N on the block. Ifthe 
coefficient of friction between the block and the wall is 0.5, the magnitude ofthe frictional force acting on 
the block is 

(A) 2.5N (B) 0.98N (C) 4.9N (D) 0.49N [JEE 1997] 
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Q.2 


Q.3 


Q.4 


(a) 
(b) 


Q.5 


Q.6 


Q.7 


0.8 


Block Aof mass т and block В of mass 2m are placed оп a fixed triangular 
wedge by means of a massless inextensible string and a frictionless pulley as 
shown in the figure. The wedge is inclined at 45° to the horizontal on both 
sides. The coetficient of friction between block А and the wedge is 
2/3 and that between block B and the wedge is 1/3. If the system of A and B 
is released from rest , find (1) the acceleration of A, (1i) tension in the string, (iii) 
the magnitude and the direction of friction acting on А. [JEE 1997] 





A spring of force constant К is cut into two pieces such that one piece such that one piece is double 
the length of the other. Then the long piece will have a force constant of 
(A) (2/3) k: (B) (3/2)k (C) 3k (D) 6k [JEE 1999] 


In the figure masses m,, m, and M are 20 kg, 5 kg and 50 kg 
respectively. The co-efficient of friction between M and ground is 
zero. The co-efficient of friction between m, and M and that between 
m, and ground is 0.3. The pulleys and the string are massless . The 
string is perfectly horizontal between P, and m, and also between P, 
and m, . The string is perfectly vertical between P, and P,.An external 
horizontal force F is applied to the mass M. Take р = 10 m/s?. 
Draw a free-body diagram for mass M, clearly showing all the forces. 
Let the magnitude of the force of friction between m, and M be f, and that between m, and ground 
be f». For a particular Е it is found that f, = 2 f, . Find f, and f, . Write down equations of motion 
of all the masses . Find F, tension in the string and accelerations of the masses. [JEE 2000] 





The pulleys and strings shown in the figure are smooth and of 
negligible mass. For the system to remain in equilibrium. the 


angle 0 should be [JEE (Scr) 2001] 
(A) 0? (B) 30° 
(C) 45? (D) 60? 





A string ofnegligible mass going over a clamped pulley of mass 
m supports a block of mass M as shown in the figure. The 
force on the pulley by the clamp is given [JEE (Scr) 2001] 


(A) 42 Mg | (В) У2 mg 
(С) J(M-- m) «m? g (D) (Mm? +M? g 






A block of mass ,/3 kg is placed ona rough horizontal surface whose coefficient 
of friction is 1/24/3 minimum value of force Е (shown in figure) for which the 
block starts to slide on the surface. (g=10m/s*) 

(A) 20N (В) 2043 М 


(С) 10/3 М (D) None of these 

Two blocks A and B of equal masses are released from an inclined 
plane of inclination 45? at t= 0. Both the blocks are initially at rest. The 
coefficient ofkinetic friction between the block A and the inclined plane 


is 0.2 while it is 0.3 for block B. Initially, the block A is -/2 m behind the 
block B. When and where their front faces will come in a line. 
[Take g = 10 m/s?]. , 

[JEE 2004] 
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Note: 


CIRCULAR MOTION & WORK POWER ENERGY 
A body moving with constant speed in a circular path is continuously accelerated towards the centre of 
rotation. The magnitude of this normal acceleration is given by 


у 
а= — ut $ 
r 
where v is the constant speed (v = wr) and à 
ris the radius ofthe circular path Ta, 
| dv =e 
Tangential area: a,= di р a= fat? + а; 
= 


Radius of curvature : r= Pa 


According to Newton's second law, a body moving ina circular path with constant speed must be acted 
upon by an unbalanced force which is always directed towards the centre. This necessary unbalanced 
force is called the centripetal force. 
mv? 
F- "m mo?r 





Centrifugal force is a pseudo force which is observed an observer in rotating frame. 
F 


л» 2 = 
сї = MO frame Г 


Work (W): 
The work W done by a constant force Е when its point of application 


undergoes a displacement s is defined as à. 
W-Es-Fscos0 


where 0 is the angle between F and s. Work is a scalar quantity and its —À ——À 
SI units is N-m or joule (J). 


Only the component (F cos 9) of the force F which is along the displacement contributes to the work 
done. 

If F= EicEj-EK and s = Axi+Ayj+Azk 

thn W= Fs =FAx+F Ay+F Az 


Work done by a Variable Force : When the magnitude and direction of a force varies with position, 
The work done by such a force for an infinitesimal displacement ds is given by 


dW = F.ds 


In terms of rectangular components, 


Ха Yr Zn 
Млв- [|Edx- |F,dy+ [F,dz 
XA Ya 2А 


Work Done by a Spring Force : The work done by the spring force for a displacement from x, to x,is 
given by 


W, = к -xi) 


5 
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10. 


11. 


Work Energy theorem : 
Work done on a body can produce a change in its kinetic energy. Work is required to produce motion 
and itis also required to destroy motion. 

W = AK - K,— K; 


Conservative Force : The force which does work in complete independence of the path followed the 
body is called a conservative force. The gravitational force, spring force and electrostatic force are the 
examples of conservative forces. 


Non-Conservative Force : The work done by a non-conservative force not only depends on the initial 
and final positions but also on the path followed. The common examples of such forces 
are : frictional force and drag force of fluids. 


Potential Energy : The potential energy is defined only for conservative forces. 


B 
U,-U, =- JF..ds 
A 


4 dU 
Conservative force : F рар dA 


dU 
At equilibrium, — = 
equilibrium, d 0 





2 


The point B is the position of stable equilibrium, because de 20 
X 





2 


The point С is the position odf unstable equilibrium, because FE «0 
x? 
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QUESTION ON PARTICLE, DYNAMICS 


There are 81 questions in this question bank. 


Q.1 


0.2 


0.3 


0.4 


0.5 


0.6 


0.7 


А small block of mass m is projected horizontally with speed и where friction coefficient between block 
and plane is given by и = cx, where x is displacement of the block on plane. Find maximum distance 
covered by the block 


u u 2u u 
(A) Jeg (В) Beg (С) Teg (D) 5 Jee 
A body is placed on a rough inclined plane of inclination Ө. As the angle Ө is increased from 0° to 90° the 
contact force between the block and the plane 
(A) remains constant (B) first remains constant than decreases 


(C) first decreases then increases (D) first increases then decreases 


A block is projected upwards on an inclined plane of inclination 37° along the line of greatest slope of 


и= 0.5 with velocity of 5 m/s. The block 1% stops at a distance of from starting point 
(A) 1.25m (В) 2.5 т (С) 10m (0) 12.5 т 
€. о 2 


What should be the minimum force P to be applied to the string so that 
block of mass m;just begins to move up the frictionless plane. 
Mg сов0 


1+3in8 ШІДЕН 





(A) Mg tan 6/2 (B) Mg cot 6/2 (C) 


Equal force F (> mg) is applied to string in all the 3 cases. Starting from rest, the point of application of 
force moves a distance of 2 m down in all cases. In which case the block has maximum kinetic energy? 





(A) 1 (В)2 (C) 3 


Both the blocks shown here are of mass m and are moving with constant 
velocity in direction shown in a resistive medium which exerts equal 
constant force on both blocks in direction opposite to the velocity. The 
tension in the string connecting both of them will be : (Neglect friction) 
(A) mg (В) mg/2 
(C) mg/3 (D) mg/4 





In which ofthe following cases is the contact force between A and B maximum (m, = ть = 1 kg) 


у2 М 
(А) о А] В |шо (В) ШЕ (D) Ет 
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0.8 


0.9 


0.11 


0.12 


0.13 


0.14 


0.15 


0.16 


А student calculates the acceleration of m, in figure shown as //////// 


(m, -m5)g t ; 
а, — . Which assumption is not required to do this calculation. 
1 m, +m), ma 
(A) pulley is frictionless (B) string is massless m, 
(C) pulley is massless (D) string is inextensible 
A force F = i+ 4} acts on block shown. The force of friction acting on the block is : 
: F » 2° Е 
(A)- i (B)-1.8 1 | Р 
(0-24 i (D)-3i x urs 
p = 0. 


А body of mass m accelerates uniformly from rest to a speed v, in time ty. The work done on the body 
till any timetis 








1 ( Tae d nin i 
(B) 5 mv,” vd (C) mv? = (D) mv,” t; 


Қ... 
(А) 5 mv, n | 


2 
A man who is running has half the kinetic energy of the boy of half his mass. Тһе man speeds up by 
1 nys and then has the same kinetic energy as the boy. The original speed of the man was 


(A) V2 m/s (B)(/2 – 1) m/s (C) 2 m/s (D)(42 +1) m/s 


A particle originally at rest at the highest point ofa smooth vertical circle is slightly displaced. It will leave 
the circle at a vertical distance h below the highest point, such that 
(A)h=R (B)h- R/3 (CO)h- R2 (D)h-2R 


Е-2х2-3х-2. Choose correct option : 
(А)х=- 1/2 15 роѕійоп of stable equilibrium ^ (B)x-2isposition of stable equilibrium 
(C) x ^- 1/2 is position ofunstable equilibrium (D) x 22 is position of neutral equilibrium 


A block of mass m is hung vertically from an elastic thread of force constant mg/a. Initially the thread was 
at its natural length and the block is allowed to fall freely. The kinetic energy ofthe block when it passes 
through the equilibrium position will be : 

(A) mga (B) mga/2 (C) zero (D) 2mga 


Inaconical pendulum, the bob is rotated with different angular velocities 
and tension in the string is calculated for different values of @. Which of \ 
them is correct graph between Т & о. 


| / T4 / Т T р S] 


The block A is pushed towards the wall by a distance and released. The normal reaction by vertical wall 
on the block B v/s compression in spring is given by : 
y B A 


CELE 


7 CNTs. pu 
7 ^ ^ t | 
д е ай (С) P (D) 127 
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0.17 


0.18 


0.19 


0.20 


0.21 


0.22 


0.23 


0.24 


0.25 


А car travelling on a smooth road passes through a curved portion of the road in 

form of an arc of circle of radius 10 т. Ifthe mass of car is 500 kg, the reaction 

on car at lowest point P where its speed is 20 m/s is 2t | E 
(A) 35 kN (B) 30 kN (C) 25 kN (D) 20 kN P 

A particle with constant total energy E moves in one dimension in a region where the potential energy is 
U(x). The speed of the particle is zero where 





dU(x) ал) 

(AU®=E = 80-0 (9-00 9 -o 
x dx 

Two identical balls A and B are released from the positions shown in 
figure. They collide elastically on horizontal portion MN. All surfaces 
are smooth. The ratio of heights attained by A and B after collision will ‘on y 
be(Neglect energy loss at M & N) a] ES T. Т 
(A)1:4 (B)2:1 SM ARE і 
(C) 4:13 (D)2:5 


A particle moving with kinetic energy = 3 joule makes an elastic head on collision with a stationary 
particle which has twice its mass during the impact. 

(A) The minimum kinetic energy ofthe system is 1 joule. 

(B) The maximum elastic potential energy of the system is 2 joule. 

(C) Momentum and total kinetic energy ofthe system are conserved at every instant. 

(D) The ratio of kinetic energy to potential energy ofthe system first decreases and then increases. 


A ball of mass m collides elastically with an identical ball at rest with some impact parameter. 
(A) 100 % energy transfer can never take place 

(B) 100 96 energy transfer may take place 

(C) angle of divergence between the two balls must be 90? 

(D) angle of divergence between the two balls depend on impact parameter 


A ball strikes a smooth horizontal ground at an angle of 45? with the vertical. What cannot be the 
possible angle of its velocity with the vertical after the collision. (Assume e < 1). 
(A) 45? (B) 30° (С) 53° (D) 60° 


As shown in the figure a body of mass m moving vertically with speed о! 
3 m/s hits a smooth fixed inclined plane and rebounds with a velocity v,in the | 
horizontal direction. If Z of inclined is 30°, the velocity v; will be 


(A) 3 m/s (B) 4/3 m/s 
(С) 1/ 43 m/s (D) this is not possible 





Two balls A and В having masses 1 kg and 2 kg, moving with speeds 21 m/s and 4 m/s respectively in 
opposite direction, collide head on. After collision A moves with a speed of 1 m/s in the same direction, 
then correct statements is : 

(A) The velocity of B after collision is 6 m/s opposite to its direction of motion before collision. 

(B) The coefficient of restitution is 0.2. 

(C) The loss of kinetic energy due to collision is 200 J. 

(D) The impulse of the force between the two balls is 40 Ns. 


An object comprises ofa uniform ring of radius R and its uniform chord AB (not у 
necessarily made of the same material) as shown. Which of the following can к 

not be the centre of mass of the object de X; , 
(A) (R/3, R/3) (В) (R/3, R/2) ( TS 
(C) (R/4. R/4) (D) (R/42 , R/42) Mun 
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dt 


ona frictionless horizontal surface. The distance travelled by it till it melts completely is : 


0.26 Anice block is melting at a constant rate =: u. Its initial mass is m, and it is moving with velocity 











(A) 


2MgV mov mov 5 Wicket 
Т (В) Ken (С) ES (D) can't be sai 
0.27 AballAcollides elastically with another identical ball B initially at rest A is moving with velocity of 10m/ 
satanangle of 60? from the line joining their centres. Select correct alternative : 


(A) velocity of ball A after collision is 5 m/s (B) velocity of ball B after collision is 543 m/s 
(C) velocity of ball A after collision is 7.5 m/s (Б) velocity of ball B after collision is 5 m/s. 


0.28 Force acting on a body of mass 1 kg is related to its position x as Е = x? — 3x М. It is at rest at 
x = ].Its velocity at x = 3 can be: 
(A) 4 m/s (B)3 m/s (C) 2 m/s (D) 5 m/s 


Q.29 ' Which graph shows best the velocity-time graph for an object launched vertically into the air when air 
resistance is given by | D | = bv? The dashed line shows the velocity graph if there were no air resistance. 





0.30 A1.0kg block of wood sits on top of an identical block of wood, which sits on top ofa flat level table 
made of plastic. The coefficient of static friction between the wood surfaces is ц, , and the coefficient of 
static friction between the wood and plastic is p. 
A horizontal force F is applied to the top block only, and this force is increased until the top block starts 
to move. The bottom block will move with the top block if and only if 


1 | 
(A) Hy < ун» (В) ;Mi <h <р) (Ow <y (D) 21, < в, 


0.31 To paint the side ofa building, painter normally hoists himself up by pulling 
on the rope А as in figure. The painter and platform together weigh 200N. 
The rope B can withstand 300N. Then 
(A) The maximum acceleration that painter can have upwards is 5m/s?. 
(В) To hoist himselfup, горе B must withstand minimum 400N force. 
(С) Rope А will have a tension of 100 М when the painter is at rest. 
(D) The painter must exert a force of 200N on the rope A to go downwards slowly. 





0.32 A block of mass 2 kg slides down an incline plane of inclination 30°. The coefficient of friction between 
block and plane is 0.5. The contact force between block and plank is : 


(A) 20 Nt (В) 1043 Nt (C) 547 Nt (D) 5415 Nt 

0.33. If force F is increasing with time and at t = 0 , Е = 0 where will F——[31 ,н-05 
slipping first start? 2 n 03 
(A) between 3 kg and 2 kg . (B)between2 kg and 1 kg 
(C) between 1 kg and ground (D) both (A) and (B) н = 0.1 
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Q.34 


Q.35 


Q.36 


Q.37 


0.38 


0.39 


0.40 


0.41 


0.42 


А rope of mass 5 kg is moving vertically in vertical position with an upwards force of 100 N acting а the 
upper end and a downwards force of 70 М acting at the lower end. The tension at midpoint of the rope is 


(A) 100 N (B) 85 N (C) 75 N (D) 105 N 

Find the acceleration of 3 kg mass when acceleration of 2 kg mass is 

2 ms? as shown in figure. 

(A)3 ms? (B)2 ms? БІЗШЕ шы 
(С) 0.5 ms? (D) zero ms 
Block of 1 kg is initially in equilibrium andis hanging by two identical springs + 

Aand Bas shown in figures. If spring Ais cut from lower point at t=0 then, AS ŠB 
find acceleration of block in ms? at t ^ 0. : 2 
(А)5 (В) 10 (C) 15 (D) 0 


Assume the aerodynamic drag force on a car is proportional to its speed. If the power output from the 
engine is doubled, then the maximum speed of the car. 

(A) is unchanged (B) increases by a factor of ./2 

(C) is also doubled (D) increases by a factor of four. 


A body is moved from rest along a straight line by a machine delivering constant power. The ratio of 
displacement and velocity (s/v) varies with time tas : 


{ { t ? t 
(A) L^ (B) | (С) Ж (D) | Ж 
s/v s/v 


s/v s/v 


A pendulum bob is swinging in a vertical plane such that its angular amplitude is less than 90°. At its 
highest point, the string is cut. Which trajectory is possible for the bob afterwards. 


(A) > (В) N^ (C) (D) №, 


A conical pendulum is moving іп а circle with angular velocity o as shown. If 
tension in the string is T, which of following equations are correct ? 

(A) T= то (B) Т sin0 = mw2/ 

(C) T = mg cos (D) Т = mo? / 510 





A particle is released from rest at origin. It moves under influence of potential field 
U = х2 - 3x , kinetic energy at x 2 is 
(A) 2J (B)1J | (С) 1.57 (D)0J 


A ball whose size is slightly smaller than width ofthe tube of radius 2.5 m is projected from bottommost 
point ofa smooth tube fixed in a vertical plane with velocity of 10 m/s. If N, and N, are the normal 
reactions exerted by inner side and outer side of the tube on the ball 

(A) N,> 0 for motion in ABC, М, > 0 for motion in CDA и 
(В) N,> 0 for motion in CDA, N, > 0 for motion in ABC D. р 
(C) N,> 0 for motion in ABC & part of CDA = 


(D) М, is always zero. 10 m/s 
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Q.43 


Q.44 


Q.45 


Q.46 


Q.47 


Q.48 


0.49 


0.50 


A man is standing on a rough (и = 0.5) horizontal disc rotating with constant angular velocity of 
5 rad/sec. At what distance from centre should he stand so that he does not slip on the disc? 
(А) К <0.2m (B)R>0.2m (C)R>0.5m (D)R»0.3m 


A road is banked at an angle of 30? to the horizontal for negotiating a curve of radius 104/3 m. At what 
velocity will a car experience no friction while negotiating the curve? 
(A) 54 km/hr (B) 72 km/hr (C) 36 km/hr (D) 18 km/hr 


A bob attached to a string is held horizontal and released. The tension 7 
and vertical distance from point of suspension сап be represented by. 


The system of the wedge and the block connected by a massless spring 
as shown in the figure is released with the spring in its natural length. 
Friction is absent. maximum elongation in the spring will be 


3Mg 6Mg 4Mg 
(A) S. В к (С) 





Two massless string of length 5 m hang from the ceiling very near to each 
other as shown in the figure. Two balls A and B of masses 0.25 kg and 0.5 
kg are attached to the string. The ball A is released from rest at a height 
0.45 mas shown in the figure. The collision between two balls is completely 
elastic. Immediately after the collision, the kinetic energy of ball B is 1 J. 
The velocity of ball A just after the collision is 

(А) 5 ms“ to the right. (В) 5 ms”! to the left 

(C) 1 ms" to the right (D) 1 ms”! to the left 


Consider following statements 

ІП CM ofa uniform semicircular disc of radius В = 2R/z from the centre 

[2] CM ofa uniform semicircular ring of radius К = 4R/3z from the centre 

[3] CM ofa solid hemisphere of radius R =4В/Зл from the centre 

[4] CM of a hemisphere shell of radius R = R/2 from the centre 

Which statements are correct? 

(А) 1, 2,4 (В) 1,3, 4 (C) 4 only (D) 1,2 only 


The diagram to the right shows the velocity-time graph for two 

masses R and S that collided elastically. Which of the following 
statements is true? 

(D) Rand S moved in the same direction after the collision. 

(П) Kinetic energy of the system (R & S) is minimum at t= 2 milli sec. 
(Ш) The mass of В was greater than mass of S. 

(A) I only (В) П only (С) Тапа II only (D) I, Папа Ш 








t (milli sec) 


A smooth sphere is moving on a horizontal surface with a velocity vector (2 i+2 1) m/s immediately 
before it hit a vertical wall. The wall ts parallel to vector j and coefficient of restitution between the 
sphere and the wall is e = 1/2. The velocity of the sphere after it hits the wall is 

(A) i-j (В) -i«2j (С) -i-j (D) 21-| 
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0.51 


0.52 


0.53 


0.54 


0.55 


0.56 


0.57 


Aman of mass М stands at one end ofa plank of length L which lies at rest оп а frictionless surface. The 


M 
man walks to other end of the plank. Ifthe mass of the plank is — , then the distance that the man moves 


relative to ground is : 
A ды В E C Eb E 
(А) “2 (В) 2 (С) << (D) 5 


Two balls Aand В having masses 1 kg and 2 kg, moving with speeds 21 m/s and 4 m/s respectively in 
opposite direction, collide head on. After collision A moves with a speed of 1 m/s 1 in the same direction, 
then the coefficient of restitution is 

(A) 0.1 (B) 0.2 (C) 0.4 (D) None 


Two particles of equal mass have velocities 21 ms"! and 2 j п15!. First particle has an acceleration 


( ic j )ms. ? while the acceleration ofthe second particle is zero. The centre of mass ofthe two particles 


moves in 
(A) circle (B) parabola (C) ellipse (D) straight line 


A particle of mass 3m is projected from the ground at some angle with horizontal. The horizontal range 
is R. At the highest point of its path it breaks into two pieces m and 2m. The smaller mass comes to rest 
and larger mass finally falls at a distance x from the point of projection where x is equal to 


3R 3R 5R 
(A) 7 (B) 5 (© (D)3R 


A block of mass M ona horizontal smooth surface is pulled by a load of 


mass M/2 by means of a rope AB and string BC as shown in the figure. A 


M- peP 
The length & mass of the rope AB are L and M/2 respectively. As the o 


block is pulled from AB = L to AB = 0 its acceleration changes from 


e 


E 


A EN В) Em C)=t D) 38 ю2 
(A) 4 tog (В) дю > G- og (D) > to2g 


A uniform rod of length L and mass M has been placed on a rough horizontal 
surface. The horizontal force F applied on the rod is such that the rod is just 
in the state of rest. If the coefficient of friction varies according to the relation sy 
u = Kx where К is a +ve constant. Then the tension at mid point of rod is 


(A) F/2 (B) F/4 0 Ў 
(С) F/8 (0) Мопе 


In the arrangement shown in the figure, mass of the block B and Ais 2m and т 
respectively. Surface between B and floor is smooth. The block B is connected to 
the block C by means ofa string pulley system. If the whole system is released, 
then find the minimum value of mass of block C so that block A remains stationary 





w.r.t. B. Coefficient of friction between A and В is н: [- B 
m 2m +1 3m 6m | 
ый (B) LH (C) фт (D) ТЕЗ! | 
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Q.58 


Q.59 


Q.60 


0.61 


0.62 


0.63 


0.64 


AES ot 
A particle of mass m, initially at rest, is acted on by a force F=F, ' 1- | Т | | during the interval 
( 


0 «t« T. The velocity of the particle at the end of the interval is : 


SET 4Е)Т 2Е)Т ЗЕТ 


TS IDE os ET e 


'With what minimum velocity should block be projected from left end A towards end B such that it 


reaches the other end B of conveyer belt moving with constant velocity v. Friction coefficient between 
block and belt is и. A Тарау, а 
pee gy dp 
NE CRIT LE ie rj 
S e ——— —ÀÀ 
(С) J3ugL (D) Z/ugL " 


Two masses m and M are attached to the strings as shown in the figure. 
Ifthe system is in equilibrium, then 


Аал Ta Вуке e e 
(A) tanü = s (B) tan0 = 1 M 
с) = eM. Diesem 
(C) со = En (D) coto = M 


Block B of mass 100 kg rests on a rough surface of friction coefficient и = 
1/3. Arope is tied to block B as shown in figure. The maximum acceleration 
with which boy A of 25 kg can climbs on rope without making block move 
is: 





3g 


4 J 
(A) > (в) 5 © @) 


һә |00 


In the system shown in the figure there is no friction anywhere. The 
block C goes down by a distance x, = 10 cm with respect to wedge D 
when system is released from rest. The velocity of A with respect to B 
will be (g = 10 m/s”): 

(A) zero (B) 1 m/s 

(C)2 m/s (D) None of these 





A car moves along a circular track of radius В banked at an angle of 30° to the horizontal. The coefficient 
of static friction between the wheels and the track is и. The maximum speed with which the car can move 
without skidding out is 


-1/2 / – 172 
(А) Рева+ /45] (B) RO -1D/Qi5)] 
(С) [Ren 3)/( - 3] ^ (D) None 
Potential energy of a particle is related to x coordinate by equation x? — 2x. Particle will be in stable 
equilibrium at 
(A)x =0.5 (В)х=! (C)x=2 (D)x =4 
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Q.65 


Q.66 
Q.67 


Q.68 


Q.69 


Q.70 


0.71 


0.72 


0.73 


0.74 


A particle of mass m is tied to one end ofa string of length /. The particle is held horizontal with the string 


. . . . . . . m . . . . 
taut. It is then projected upward with a velocity u. The tension in the string is == when it is inclined at 


ап angle 30° to the horizontal. The value ofu is 


3 = Іс | A 
(A) Ж (B) /2ig (©) ТЕ (D) 2 Jig 


A force Е =k[yi+x jl where k isa positive constant acts on a particle moving in x-y plane starting from 


the point (3,5), the particle is taken along a straight line to (5, 7). The work done by the force is : 
(A) zero (B)35K (C)20K (D) 15K 


Water is pumped from a depth of 10 m and delivered through a pipe of cross section 10 ?m-. Ifit is 
needed to deliver a volume of 107! m? per second the power required will be: 
(A) 10 kW (B) 9.8 kW (C) 15 kW (D) 4.9 kW 


A light spring of length 20 cm and force constant 2 kg/cm is placed vertically on a table.A small block of 
mass 1 kg. falls on it. The length h from the surface of the table at which the ball will have the maximum 
velocity is 

(A) 20 cm (B) 15 cm E (©) 10cm (D) 5 cm 


The ratio of period of oscillation of the conical pendulum to that of the simple pendulum is : 
(Assume the strings are of the same length in the two cases and Ө is the angle made by the string with the 
verticla in case of conical pendulum) 


(А) cos 0 (В) ,/соғ0 (С) 1 (D) none of these 


A particle is moving in a circle : 

(A) The resultant force on the particle must be towards the centre. 

(B) The cross product ofthe tangential acceleration and the angular velocity will be zero. 
(C) The direction ofthe angular acceleration and the angular velocity must be the same. 
(D) The resultant force may be towards the centre. 


The work done in joules in increasing the extension ofa spring of stiffness 10 N/cm from 4 cm to 6 cm 
is: 
(A)1 (B) 10 © (C) 50 ^. (D)100 


A man weighing 80 kg is standing at the centre ofa flat boat and he is 20 m from the shore. He walks 8 в, 
on the boat towards the shore and then halts. The boat weight 200 kg. How far is he from the shore at 
the end ofthis time ? 

(A)11.2m (B)13.8m (C) 14.3 m (D)15.4m 


From acircle of radius a, an isosceles right angled triangle with the hypotenuse as the diameter of the 
circle is removed. The distance of the centre of gravity of the remaining position from the centre of the 
circle is 

(1-1)a a a 
(A) 3( – Па (В) = 6 (C) 3/n- 1) (D) 3(x+1) 
A sphere strikes a wall and rebounds with coefficient of restitution 1/3. If it rebounds with a velocity of 
0.1 m/sec at an angle of 60° to the normal to the wall, the loss of kinetic energy is 
1 2 
(A) 50% (В)33-% (С) 40% (D) 66 — 96 
“ ә 


3 





@ Bansal Classes Question Bank on Particle dynamics [10] 





Q.75 


Q.76 


Q.77 


Q.78 


Q.79 


Q.80 


Q.81 


A truck moving on horizontal road towards east with velocity 20 ms! collides elastically with a light ball 
moving with velocity 25 ms“! along west. The velocity of the ball just after collision 

(A) 65 187! towards east (В) 25 ms“! towards west 

(С) 65 ms“! towards west (D) 20 ms“! towards east 


A spaceship of speed v, travelling along + y axis suddenly shots out one fourth of its part with speed 2v, 
along + x-axis. xy axes are fixed with respect to ground. The velocity of the remaining part is 

420 J5 

з Fs 





2 
(A) ig s (B) 


From a uniform disc of radius R, an equilateral triangle of side ,/3 R is 


cut as shown. The new position of centre of mass is : 








(A)(0,0) | (B) (0, R) 

R 
(C) (0, уз ) (D) none of these 
Inan inelastic collision, 


(A) the velocity of both the particles may be same after the collision 
(B) kinetic energy is not conserved 

(C) linear momentum of the system is conserved. 

(D) velocity of separation will be less than velocity of approach. 


A man of mass 40 kg is standing on a trolley A of mass 140 kg . He pushes another trolley В of same 
material of mass 60 kg, so that they are set in motion. Then: 

(A) speed of trolley Ais3 times that oftrolley B immediately after the interaction. 

(B) speed oftrolley B is3 times that of trolley A immediately after the interaction. 

(C) distance travelled by trolley B is 3 times that of trolley A before they stop. 

(D) distance travelled by trolley B is 9 times that oftrolley A before they stop. 


A long plank P ofthe mass 5 kg is placed on a smooth floor. On P is placed a 
block Q of mass 2 kg. The coefficient of friction between P and Q is 0.5. If a 
horizontal force 15N is applied to Q, as shown, and you may take g as 
1ON/kg. 

(A) The reaction force on Q due to P is 10N 

(B) The acceleration of О relative to P is 2.5 m/s? 

(C) The acceleration of P relative to the Floor is 2.0 m/s 

(D) The acceleration of centre of mass of P + О system relative to the floor is (15/7)m/s? 





Q 





Ifthe linear density ofa rod of length 3m variesas 4=2 + х, then the position of centre of gravity ofthe 
rodis: 
(А) 7/3 т (В) 12/7 т (С) 10/7 т (D) 9/7 т 
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ANSWER KEY 


01 А @2 "B 03 А 04 А 05 С 
06 В 07 А ов с 09 А 0.10 А 
ол D 0.12 В QI3 A 0.14 B 0.15 A 
Q16 B IIC Q.18 A 0.19 C Q.20 A, B, D 
0.21 A C Q.22 B Q.23 B Q.24 A,B,C Q.25 B,D 
0.26 В 0.27 р 0.28 А 0.29 В 0.30 р 
0.31 А,С 0.32 D 0.33 C 0.34 В 0.35 В 
0.36 А 0.37 В 0.38 А 0.39 С 0.40 А 
0.41 А 0.42 С 0.43 А 0.44 С 0.45 А · 
0.46 В 0.47 р 0.48 C 0.49 D 0.50 В 
0.51 В 0.52 В 0.53 D 0.54 С 0.55 В 
0.56 В 0.57 С 0.58 С 0.59 В 0.60 А 
0.61 В 0.62 С 0.63 D 0.64 В 0.65 В 
0.66 С 0.67 С 0.68 В 0.69 В 0.70 D 
0.71 А (QUO 073 C 0.74 D Q.75 A 
0.76 B 0.77 B 0.78 A,B,C,D Q.79 B,D 

Q.80 C,D Q.81 B 
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C] 2 bonus question of Mathematics 


ALL THE BEST FOR JEE -2007 


Q.1 


Q.2 


0.1 


(а) 
(b) 


Q.2 


‘a) 


(b) 


Q3 


(a) 
(b) 


QA 


Q.5 


2 Bonus question of Mathematics 


| l L +153 
If L= Lim then find the value of А 


| 

x0 | In(1+x) Ince м). L 
Two universities A and B write questions and their corresponding solutions for a high school 
mathematics tournament. University A writes 10 questions every hour but makes a mistake in 
their solutions 10% of the time. The university B writes 20 questions every hour and makes a 
mistake 20% of the time. Each university works for 10 hours and then sends all problems to a 
Miss 'C' for checking. However only 75% of the problems which she thinks are wrong are actually 
incorrect. Further she thinks that 2096 of the questions from the university A have incorrect 
solutions, and that 1096 of the questions from the university B have incorrect solutions. 

If the probability that a problem definitely written and solved correctly, randomly chosen by her, 








ndis „р ; 
was thought of as having incorrectly solved, is ^ where p and q coprimes, then find the value of 


(p +q). 

PHYSICS QUESTION 
In the circuit shown, the switch 5 is in position-1 since а 
long time. At a certain moment t = 0, it is shifted to 
position-2. The 1 uF capacitor is initially uncharged. 
Find the current that flows through the 2 Q resistor as a 
function of time 't' fort > 0. 
What percentage of the work done by the 10 V cell is lost 
as heat from the 2Q resistor, from t = 0 till infinity? 





A beam consisting of two wavelengths 8100 A and 4500 A is used to obtain interference fringes 
in a Young's double slit experiment. The distance between the slits is 2 mm and that between the 
plane of the slits and the screen is 100 cm. 

Find the least distance in millimeters from the central maxima on the screen where the bright 
fringes due to both the wavelengths coincide. 

Find the least distance in millimeters from the central maxima on the screen where the dark 
fringes-due-to-both-the-wavelengths coincide: 


A cylinder contains a tight fitting piston of mass 2 kg and cross-sectional 
area 10 cm?. Under the piston, there is 1 mole of a diatomic gas at 300 K 
initially. The walls of the cylinder are heat insulating and the piston is also 
thermally insulating. By means ofan electrical heater, the gas is slowly given 
a heat — 1000 Joules. The upper end of cylinder is open to the atmosphere 
having atmospheric pressure = 10? Pascals. Neglect any frictional loss. 

By what distance does the piston shift up? 

What is the final temperature of the gas? 


A solid sphere with a hollow cavity (of radius R/2) having net mass m and 
radius R is resting in.equilibrium on a rough horizontal floor, as shown. 
The sphere is tilted slightly and released. Find the time period of subsequent 
oscillations assuming that the sphere's surface does not slip over the floor. 





Gt \ Аи 


Two monochromatic and coherent point sources of light, S, and S, of wavelength 4000 À, are 
placed at a distance 4 mm from each other. The line joining the two sources is perpendicular to a 


screen. The distance of the mid-point of S S, from the screen is D = 42 m. Find the radius 
(non-zero) of the smallest bright ring on the screen, using valid assumptions. 
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0.6 


0.7 


0.8 


0.9 


0.10 


0.11 


(а) 
(b) 


Q.12 


Q.13 


(a) 
(b) 


A glass sphere of radius R has а point isotropic source of monochromatic light of wavelength А. 
The thickness of the glass wall is 't' (<< К). The inner surface of the sphere is painted black so that 
it absorbs all the radiation incident on it. Find the maximum power of the source such that the 
sphere does not rupture due to the radiation pressure. Rupture stress of glass = o. 


In the figure shown, the sonic source of frequency 200 Hz is moving with 

a speed = 10 m/s. Find the beat frequency as heard by the listener L, whois — с 
himself moving with speed = 5 m/s. The reflecting wall is moving with a 
speed = 15 m/s. A wind is also blowing to the right with a speed = 5 m/s. : 
Speed of sound in still air = 340 m/s. wall 


A sphere of mass 'm' collides elastically with another stationary sphere of mass 'm/2' obliquely. 
Both the spheres are smooth and there are no external forces acting on them. Solve the equations 
of collision and find the maximum angle through which the sphere of mass 'm' can be deflected 
w.r.t. its original direction. 


A thermally insulated cylinder is divided into two parts by a heat 
insulating tight piston, which can move freely in the cylinder without 
friction. The left part of the cylinder contains one mole of an ideal 
diatomic gas and the right part is evacuated. The piston is connected 
to the right wall of the cylinder through a spring whose natural length 
is equal to the total length of the cylinder. The electrical heater is 
switched on for some time so that the gas temperature increases and 
the piston shifts slowly to the right. What percentage of the heat 
supplied by the heater goes in compressing the spring? Neglect the 
heat capacity of the piston or the cylinder. 


=| vacuum 





A ball is thrown from a point О with some speed v, at an angle of 
37? with the horizontal, such that the ball bounces from the vertical 
wall and returns to O. For the bounce, the coefficient of restitution 
is 5/8. What must be the value of v,? g = 10 m/s?. 





A spherical body of mass M and radius R has a spherical cavity of 


radius R/2 inside it, as shown. The center of the cavity O is displaced № 

from the geometric center of the sphere С by a distance B d | Какы \ 

R/2. A tiny body of mass т (<< М) 15 placed at a distance 2R from the t€ 5 
. є. » 

geometric center of the first body. = 

Find the force of gravitational attraction on the tiny body. 2R 


If the tiny body is released from rest, with what velocity will it hit the surface of the spherical 
body? 


The circuit shown is fed by an a.c. source having emf = (15 V) sin 
200t, where time t is in seconds. Coil-1 has a resistance = 3 О and 
inductance 20 mH, while coil-2 has a resistance = 6 €) and inductance 
40 mH. Find tbe voltages across the two coils, У, and V,, as functions > 
of time, t. — 


ME 
coii-1  coil-2 





A certain radionuclide is getting formed in some reactor at a constant rate = q (number per second). 
It undergoes alpha decay with half life T. At the moment t 0, there are (4qT//n 2) number of 
radionuclide in the reactor. 

Find the number of radionuclide 'N' in the reactor at any later time t > 0 and plot a graph of N 
Versus t. 

Find the number of alpha particles emitted till t = 2T. 
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Q.14 


(a) 
(b) 


(c) 


Q.15 


(a) 
(b) 
(c) 


Q.16 
(a) 


(b) 
(с) 
0.17 


(а) 
(b) 


(с) 


0.18 


(а) 
(b) 
(c) 


Q.19 


(a) 
(b) 


Q.20 


In a modified Young's double slit experiment, there are three identical parallel slits 8,, S, and S,. 
A coherent monochromatic beam of wavelength 700 nm, having plane wavefronts, falls on the 
slits, as shown. The intensity of the central point O on the screen is found to be 
7 x 104 W/m?. The distance S,S, = 5,5, = 0.7 mm. 

Find the intensity on the screen at O if S, and S, are covered. 

Find the intensity on the screen at O if only S, is covered. 

All three slits are now uncovered and a transparent plate of thickness 1.4 um and refractive index 
1.25 is placed in front of S. Find the intensity at point О. 


A jeep is moving at a certain moment with velocity = 10 m/s. The acceleration of the jeep is 'а'. А 
man sitting in the jeep throws a ball with initial velocity = 20 m/s, at an angle of 53° with the 
horizontal, both w.r.t. himself. The motion of the jeep is in the same direction and vertical plane 
as the motion of the ball. Given: sin 53? — 4/5, cos 53? — 3/5. Neglect air resistance. 

Find the actual initial speed of the ball relative to an earth observer. 

What should be the acceleration 'a' of the jeep so that the man is able to catch the ball? 

What is the farthest distance of the ball from the man, as perceived by him, in part (B)? 


Two blocks, 1 & 2, of masses m and 4m, interconnected by a massless spring of spring constant k, and are 
resting on a frictionless horizontal floor. Forces Е and 2F start acting on the blocks, at t = 0, as shown. 
Write the earth frame work-energy theorem for the system, in terms Fr YR 2Е. 
of speeds у, and v,, and displacements x, and x, of the two blocks. aT "T 

Find the maximum elongation of the spring during the motion of the two blocks, if F = 5mg. 
Find the maximum speed of block-1 in the center of mass frame, if F = 5mg. 


Auniform and thin rod AB oi mass 5m and length L is kept stationary on a frictionless horizontal 
surface. At a certain moment, a tiny ball of mass m, moving with a horizontal velocity = v, collides 
inelastically with the rod, at a point whose distance from end A of the rod is z. The direction of v, 
is perpendicular to the rod, as shown. The coefficient of restitution for collision is 3/4. Just after 
the collision, let у, = velocity of the center of rod (rightwards), v, = velocity of the ball, assumed 
leftwards and о = angular velocity of the rod. 


Write the condition for coefficient of restitution — 3/4 in terms of A 
relevant parameters 

It is found that the velocity of B just after the collision is zero. Find z. 

Assuming the condition of part (В), calculate the percentage of B 


energy lost during the collision. 


A gaseous mixture initially at 300 K and 2 x 10° N/m? pressure contains 6 g of hydrogen and 8 gm 
of Helium. The mixture is expanded to four times its original volume, through an isobaric heating 
process. Then, it is isochorically cooled until its temperature again becomes 300 K. After that, the 
gas mixture is isothermally compressed to its original volume. 

Find the ratio of molar specific heats = y of the mixture. 

Plot the process in P-V and P-T indicator diagrams, showing ali values of P & T. 

Find the efficiency of the entire cycle (take /n 2 = 0.7) 


Two radio stations broadcast their programmes at the same amplitude A, but at slightly different 
frequencies о. and @,, where 0, - œ, = 1000 Hz. A detector receives the signals from the two 
stations simultaneously. It can only detect signals of intensity > 2A?. 

Find the time interval between the successive maxima of the intensity of the signal received by the detector. 
Find the time for which the detector remains idle in each cycle of the intensity of the signal. 


A long wire PQR is made by joining two wires PQ and QR of equal radii. Their lengths and 
masses are respectively: 4.8 m and 0.06 kg; 2.56 m & 0.2 kg. The tension is 80 N. A sinusoidal 
wave pulse of amplitude 3.5 cm is sent along the wire PQ from the end P. No power is dissipated 
during the propagation of the wave pulse. Calculate the time taken by the pulse to reach the end R 
and the amplitude of reflected and transmitted wave pulses at Q. 
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0.21 


0.22 


0.23 


(а) 
(b) 
(c) 
Q.24 


Q.28 


In the circuit shown, the potentiometer wire AB has a length = 100 
cm and total resistance 10 Q. What should be the distance of the 
jockey from point A so that the reading of the ammeter is 0.5 A? 
The coil resistance of the ammeter is 1 Q. The cell at the top has an 
emf = 15 Volts and internal resistance 1 Q. 





A soap bubble of radius r is blown at the end of a capillary of length / and of internal radius R. 
Surface tension of soap solution is T and coefficient of viscosity of air is n. The volume of air 


flowing per second through the capillary is given by = ze where Р is the excess pressure on 


———— > 


817 
soap bubble. Find the lifetime of the soap bubble. 
Two small balls A and B are interconnected by an inextensible string of length * B 
L. Mass of ball A= m, mass of ball B = 2m. The balls are resting on a frictionless 
horizontal surface, with the distance between them = 3L/S. In this position, ball 
А is suddenly given a horizontal velocity v}, perpendicular to the line joining 
the two balls. (| 
Find the speed of ball B just after the string becomes taut. a 
Find the impulse of the tension in string when the string becomes taut ws 
Find the steady tension in string much after the string has become taut. 


A wooden log of mass m with a cross-section shaped like an equilateral right-angled triangle can 
slide on a horizontal surface without friction. Two point-like bodies of masses m and 2m, tied to 
each other using a thread, are placed onto the log as shown in the figure. The length of the base of 
the log is L—S4 cm. Friction and the masses of the thread and the pulley are negligible. The bodies 
are released at a certain moment. 
What distance does the wooden log cover until the body of mass Ф 
2m reaches its bottom? 

Determine the speed of the bodies and that of the wooden log when 
the body of mass 27 reaches the bottom of the log. 





In a tennis racket, the c.m. is 12 inches from the end of the handle. 

The radius of gyration about an axis through the c.m. as shown in 

the figure is 8 inches. If the tennis ball is hit at a distance of 20 айы 
inches from the end of the handle, where should the player hold his ЖШ 0 | 
racket so as not to feel any translational force when hitting қ xs ad 


the ball? 0 


We have two liquids of different densities. A force of 1.36 N can hold the same piece of metal in 
one of them, and of 0.82 N in the other. In what volume proportion should they be mixed so that 


the holding force is exactly 1 N? MO 

A cart on an inclined plane of angle Ө = 30? is balanced as shown г. N 

by a weight of mass 10 kg. The cord A is wound on a drum of | | МӘ 
diameter d,, which is on the same shaft as a drum of diameter Ll Dak Nd 
d, = 3d,, оп which is wound cord B. What is the mass | Tu | 

M of the cart? | 


Through the Looking Glass: A narrow beam of light has entered а large 

thin lass plate. Each refraction is accompanied by reflection of улуду 
К = 30% of the beam's energy. What fraction of the light energy is transmitted ж М ж 
through the plate? N | 
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0.29 


0.30 


0.31 


0.33 


0.34 


0.35 


0.36 


Lake Placid: A radio receiver is set up оп a mast in the middle of a calm lake to track the radio 
signal from a satellite orbiting the Earth. As the satellite rises above the horizon, the intensity of 
the signal varies periodically. the intensity is at a maximum when the satellite is 0,7 3° above the 
horizon and then again at Ө, = 6° above the horizon. What is the wavelength A of the satellite 
signal? The receiver is h = 4.0 m above the lake surface. 


In the figure, water of density 1000 kg/m? flows through 
the pipe. The cross-section area at stations 1, 2 and 3 are 1 
cm?, 2 cm? and А cm’, respectively. The thin vertical tubes 
that are connected to the pipe at these stations have water 
levels as indicated. Find the mass flow rate of water 
through the pipe and у.. [Take g = 10 m/s?] 





A metal ring having three metallic spokes of lengths r=0.2 m is in a vertical plane and can spin 
around a fixed horizontal axis in a homogeneous magnetic field of a magnetic induction of B=0.5 T. 
The lines of magnetic field are perpendicular to the plane of the metal ring. Between the axis of 
the metal ring and its perimeter we connect a consumer of a resistance of 0.15 with the help of 
two sliding contacts. We fix a thread of negligible mass to the rim of the ring and wind it several 
times around the ring and to its end we fix a body of a mass of 20 g. Ata given moment we release 
the body of mass m. The friction is negligible everywhere, the resistance of the ring, the spokes 
and the connected wiring is also negligible. Ммм 
What is the torque exerted on the ring with the spokes by the magnetic 
forces when the body of mass m is moving with a constant velocity? 
What current is flowing through the consumer when the velocity of the 

body of mass m is 3 m/s? 

What is the highest velocity of the body of mass m? 








Figure shows a hypothetical speed distribution for particles of a certain gas: 
P (v) = Cv? for 0 < v < vy and P(v) = 0 for v> vp. 


(a) Show that C — 3/ у, 
Find (b) the average speed of the particles, апа (с) their rms speed. 





A neutron moving with a kinetic energy = 65 eV collides head-on and inelastically with a singly 
ionized helium atom at rest (in its ground state). Take the ionization energy of hydrogen 
atom = 13.6 eV. Also, mass of Helium atom is four times that of a neutron. If the helium ion gets 
de-excited subsequently by emitting radiation, calculate the possible energies of the emitted 
photon(s) in eV. 






A board of mass m is placed on a frictionless inclined plane that makes 

an angle 9 = 37° with the horizontal. A block of same mass is placed А Ў 
on the board and is given a quick push up the board with initial velocity “ > 
у = 8 m/s. Find the distane d covered by the block by the time its 
velocity drops to v/2. The board does not move relative to the plane. 





А 20 mH inductor is connected in series with a charged capacitor of capacitance 2 uF, having 
initial charge = 10 mC. After how much minimum time will the energy in the capacitor become 
half of its initial value? Leave answer in terms of n. 


A uniform and slender rod of mass 2m and length L is lying on a frictionless 

horizontal surface. Two insects, of mass m each, moving horizontally with 

velocities v and 2v hit the rod simultaneously and symmetrically and stick [pa RENE 
to it. 
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0.37 


(а) 
(b) 


0.38 


0.39 


Q.40 


(a) 
(b) 


(c) 


0.41 


0.42 


0.43 


The initial velocities of the insects are perpendicular to the rod, as shown. The distance of each 
insects's hit-point from the center of the rod is L/6. Just after hitting the rod, each insect starts 
walking along the rod, away from its center, with constant speed = v relative to the rod. As the rod 
rotates and moves, the insects finally reach the ends. Find the total angle rotated by the rod till this 
moment in radians. 


A thin uniform circular disc of radius R and mass m is hinged about its center point O, so that it 
is free to rotate about a fixed horizontal axis through O. The plane of the disc is vertical. A small 
body A, of mass m/2, is fixed at the rim of the disc, as shown. Initially, the line OA makes an angle 


of 60° with the vertical. The disc is now released from rest. ЗА 
Find the acceleration of point А just after release. ( фу Y 
Find the magnitude of horizontal and vertical reaction forces: Е, and F, UR 
on the hinge, just after the disc is released. 


In the figure shown, the spring constant is 16r? N/m and its right end 
is fixed to a vertical wall. The floor is smooth. A block of mass 1 kg 
is initially at a distance of 1 m from the other 1 kg block. The left 


4 m/s 
А р is Lk 
block, touching a vertical wall, is imparted a velocity = 4 m/s towards Е] т Б 


the other block. АП collisions are elastic. Find the time period of this 
oscillatory system. 1К& 


A ring of radius г = 1 m is placed on the top of an inclined plane and released from rest. The 
inclined plane makes an angle of 30? with the horizontal. The coefficient of friction between the 
ring and the incline is 0.2. Find the distance travelled by the centre of the ring by the time it 
completes one revolution, as it rolls down the incline. 


In the figure shown, a constant horizontal force F = mg/2 starts acting 
on the block of mass m, from the position shown. The spring is 
undeformed in the position shown and has a narual length L, while the 
blocks are initially stationary. The spring constant is unknown. The 
surface is frictionless. The mass of the hanging block is m/4, while 
the pulley is massless and frictionless. 

Find the initial acceleration of the block of mass. 

Write the work-energy equation for the system consisting of the two blocks, and the spring, for 
any general value of 8 = angle which the spring makes with the vertical. 





The maximum displacement of the bigger block is found to be 1.4/3 . Based on this information, 
find the spring constant. 


A lift is moving up with a constant retardation = 2 m/s?. When its upward velocity is 5 m/s, a boy 
in the lift tosses a coin, imparting it an upward initial velocity = 3 m/s, with respect to himself 
His fingers at the moment of toss are midway between the floor and ceiling, whose total height is 
2.0 m. After how much time will the coin hit the floor or roof of the lift? Also find the distance 
travelled by the coin and its displacement in the earth frame till then. [Take g = 10 m/s?] 


At a distance of 20 m from a point isotropic source of sound, the loudness level is 30 dB. Neglecting 
damping of sound, find the loudness level at a distance of 10 m from the source and the distance 
where the sound is not audible by humans. 


In the figure shown, find the relative speed of approach/ а-ы f-60cm 
separation of the two final images formed after the light 1 \ fi 
rays pass through the lens on the far right, at the moment аа ejm 
when u = 30 cm. The speed of object = 4 cm/s. The two | \ 
lens halves аге placed symmetrically w.r.t the moving object. КЕЕ dcm 
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Q.44 HEAT CAPACITY DETERMINATION OF A LIQUID USING CALORIMETER : 
Figure shows the Regnault's appratus to determine the specific heat capacity of a unknown liquid. 
A solid sphere of known specific heat capacity s, having mass m, and initial temperature 9,, is 
mixed with the unknown liquid filled in a calorimeter. Let masses of liquid and calorimeter are 
m, and m, respectively, specific heat capacities are s, and s, and initially they were at room 
temperature 0,. When the hot sphere is dropped in it, the sphere looses heat and the liquid 
calorimeter system takes heat. This process continues till the temperature of all the elements 
becomes same (say 0). 
Heat lost by hot sphere = m,s, (0,-0) 
Heat taken by liquid & calorimeter = m,s,(0—0,) + m,s, (0-0,) 
If there were no external heat loss 
Heat given by sphere = Heat taken by liquid — calorimeter system 

m,s, (0,-0) = m,s, (0-6,) + m,s, (0-0.) 
mis, (0, - 0) _ 01353 


Get 5,- m,0-0, m, 


steam 


steam 
Chamber 
"О" e 








Calorimeter 
By measuring the final (steady state) temperature of the mixture, we can estimate s, : specific heat 
capacity of the unknown liquid. To give initial temperature (Ө) to the sphere, we keep it in steam 
chamber ("О"), hanged by thread. Within some time (say 15 min) it achieves a constant temperature 
0,. Now the calorimeter, filled with water (part С) is taken below the steam chamber, the wooden 
removable disc D is removed, and the thread is cut. The sphere drops in the water calorimeter 
system and the mixing starts. 

If specific heat capacity of liquid (s,) were known and that of the solid ball (s,) is unknow then 


(01,5, + m,5,)(0—0,) 
m,(0, —0) 


(a (пе exp. of finding specific heat capacity of an unknow sphere ($) mass of the sphere and 
calorimeter are 1000 gm and 200 gm respectively and specific heat capacity of calorimeter is 
equal to 1/2 cal/gm/°C. The mass of liquid (water) used is 900 gm. Initially both the water and the 
calorimeter were at room temperature 20.0°C while the sphere was at temperature 80.0°C initially. 
If the steady state temperature was found to be 40.0?C. estimate specific heat capacity of the 
unknow sphere (s,). (Use s,,,,,. = 1 cal/g/°C) 

Also find the maximum permissible error in specific heat capacity of unkown solid. 

(b) What should be final temperature so that the error in s should ne minimum? 


we can find s= 
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Q.45 


0.46 


(а) 


(b) 
(с) 


0.47 


0.48 


0.49 


0.50 


END CORRECTIONS IN METER BRIDGE 
In meter bridge circuit, some extra length of wire called end corrections should be included at 
ends for accurate result. 
Suppose null point is obtained at /,, then 
0, 1+4 
Q, 100-1+В 
When known resistances are interchanged then balancing length is at /.. 
R, 1, +a 
R ~ 100-7, +В 
The.end corrections calculated from above readings are used to modify observation 
If 100 €) & 200 О values of known resistance is used to give null deflection at /, = 33.0 cm & on 


interchanging the known resistances the null deflection is found at 67.0 cm. Find the value of end 
correction. 


INDEX ERROR IN OPTICAL BENCH 

In u-v method the distance between object or image from the pole of mirror or les is required. 
Practically the position of holder when read from scale do not exactly give object or image distance. 
This mismatch is constant for every observation. To determine index error a needle (usually 
usedfor knitting) of known length is placed horizontally between the pole & object needle. The 
length of knitting needle gives actual object distance while the separation between holder index is 
read from the scale. Which becomes observed distance so index error (or excess reading) is 
е = Observed distance – Actual Distance 

For index correction the e is subtracted from observed reading to get correct reading. 

When a knitting needle of length 20.0 cm is adjusted between pole and object needle, the separation 
between the indices of object needle and mirror was observed to be 20.2 cm. Find the index 
correction for u. 

When the same knitting needle is adjusting between the pole and the image needle, the separation 
between the indices of image needle and mirror was found to be 19.9 cm. Find the index error for v. 
In some observation, the observed object distance (Separation between indices of object needle 
and mirror) is 30.2 cm, and the observed image distance is 19.9 cm. Using index correction from 
previous two equations, estimate the focal length of the concave-mirror. 


A conducting sphere of radius a is surrounded by another spherical thin conducting shell of radius b 
The space between them is filled with dielectric material of conductivity c and dielectric constant k. 
The charge Q. and Q, are given to the inner and outer shell at time t = 0. Find charge on outer shell 
at time t. 


The amplitude of the electric field in an electromagnetic wave of frequency о = 2.0 х 101651 
changes with times as E(t) = k (1 + cos Qt), where К is a constant and Q= 1.8 x 10% s, Would 
such a wave cause ionization of hydrogen atoms? If yes,what is the energy of the ejected electrons 
E ? Assume that atoms absorb light as photons. The ionization energy of hydrogen gas is Е. = 13.6 
eV. the Planck constant л — 1.05 J x s. | 


An air-filled parallel-plate capacitor with the plate area A is connected to a battery with an emf E 
and small internal resistance. One of the plates vibrates so that the distance between the plates 
varies as d= d, + a cos ot (а << d,). The capacitor break down when the instantaneous current in 
the circuit reaches the value of /. Find the maximum possible amplitude of vibrations a. 


Two simple pendulums of length L each are attached to the ceiling. The small balls attached to the 
strings have equal masses m. The weights are connected by a very light relaxed rubber band (not 
a spring) with the force constant k. At a certain moment, each ball is given a light quick push as 
shown, resulting in equal initial speeds. Find the period T of the ensuing motion. 
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0.51 


0.52 


0.53 


0.54 


0.55 


0.56 


О.57 


0.58 


0.59 


0.60 


А proton (m, e) and an alpha particle (4m, 2e) approach each other from a large distance. Initially, 
their velocities are the same (v). Find the minimum separation r between the particles. 


A wooden cube with a side of d — 0.10 m is placed on a horizontal support. A bullet of mass 
m = 0.010 kg is shot vertically up through the support and through the cube. As the bullet passes 
through the cube, its speed decreases uniformly from v = 120 m/s to и = 115 m/s. Estimate the 
minimum mass M of the cube that would allow it not to lose contact with the support. 


In a strictly scientific experiment, a student athlete throws rocks out the window in all directions. 
All rocks have the same initial speed v. It turns out that all rocks' landing velocities make angles 
0 or greater with the horizontal. Find the height h of the window above the ground. 


An insulated container is filled with a mixture of water and ice at t, = 0°C. Another container is 
filled with water that is continuously boiling at t, = 100°C. In a series of experiments, the containers 
are connected by various thick rods that pass through the walls of the containers (refer diagram). 
The rod is insulated in such a way that there is no heat loss to surroundings. In experiment 1, a 
copper rod is used and the ice melts in T, = 20 min. insulation 

In experiment 2, a steel rod of the same cross section is used and 
the ice melts in T, = 60 min. How long would it take to melt the ice 
if the two rods are used "in series"? 





How can you measure the resistance of an unknown resistor r with an ammeter and a voltmeter if 
you don't know the internal resistances of these devices? A voltage source is available. 


A dubmbell consists of a light rod of length r and two small masses m attached to 

it. The dumbbell stands vertically in the corner formed by two frictionless planes. м 
After the bottom end is slightly moved to the right, the dumbbell begins to slide. 

Find the speed u of the bottom end at the moment the top end loses contact with 

the vertical plane. 


Find the maximum power of a heating element that can be constructed from a piece of wire that 
has a resistance of 536 О. The element is to be powered by a constant voltage of V. = 110 V. The 
current through the wire cannot exceed 2 A. 


A heavy block is attached to the ceiling by a spring that has a force constant k. 
A conducting rod is attached to the block. The combined mass of the block and 
the rod is m. The rod can slide without friction along two vertical parallel rails, 
which are a distance L apart. A capacitor of known capacitance C is attached to 
the rails by the wires. The entire system is placed in a uniform magnetic field B 
directed as shown. Find the period T of the vertical oscillations of the block. 
Neglect the electrical resistance of the rod and all wires. 


An electric circuit contains a battery with emf E and internal resistance r, 
two coils with inductances L, and L, and a resistor R, connected as shown. 
On the diagram, all shown parameters are given. Initially, both switches 
are open. Switch S, is then closed. After a while, switch S, is closed. What Ly; 
is the total charge Q that passes through the resistor after S. is closed? 


ж 





Figure shows three identical balls М), М, and M, each of radius 10 


cm. The ball М; is given а certain velocity in the direction of AB such (oy „= 
that after collision with М,, it (M,) has a head-on collision with the \_/ 

ball M,. Find the distance BC, (in cm) where В lies on the line joining A м. 
the centres of M, and М.. The balls are assumed to be perfectly (. с) : 
elastic. Given C,C, = 1 m. = 
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HINTS & SOLUTIONS 
MATHEMATICS 


1. L= Lim ——— MÀ 
x0 (1+ х) In(x+v1+x*) 
fee hex) 
о 1+х 
(= fim ШӨН Шой у Шы) „ 


2d ЖС PN ресу SERE кі oce iex? -)et jocevtex! -1) 
X 
(xe N14 x? -1) 





Inf ce Lex? n1) 
note that Lim -—1 


\ 
EM Deed rex? -1] 


x+yl+x? х+уї+х? | 
Inj | —————— - 1 } +1 | — -1 
1+х 1+х 


Қына лық ira каш =й 





hence L= Lim 
х->0 





Note that Lim —7———SV—^ 








= Lim X+ pe eia x dám = 








(as Lim(1 + х) = 1) 
x70 


eae ye 
x30 (x? +1+1)-к(/х2 +1+х-1) 





Lim [(x? +1)- Ix? +1-(х —1] 


2 x30 ТЕН +1+х- —1)-[v¥x? +1-(x-1] 





ni 
L«153  (1/2)4153 
hence Ше ive - 0/2) =1+2-1[55 = 1 +306 = 307 Ans. | 
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| 9.10+10-16 5 
2. Let С; problem is solved correctly P(C) = 300 . = 6 X1) 


o | = 


W: problem is solved wrongly P(W) = 


C,: She thinks that the problem is correct 
W: She thinks that the problems is wrong 


Wale 


A: Problems from the university A; P(A) = 


2 


/ 


В: Problems from the university В; P(B) = 3 


4> | = 


1 
P(C/W,)= =; P(W,/B) = = 


3 1 
РСУЛУ) = 2: P(W/A)- =; 


we have to find P(W,/C) =? 


Р(№ NC) P(W)P(C/W) 
now P(W,/C)= -PO | = ^ KO 
now P(W,) =P(ANW,)+PBaw,) 

= P(A) : P(W,/A) + P(B) · PCW,/B) 
1,1,2,1,.2 
3 5 
Hence from (1) and (2) 


QA5:04 16 1 
PQW/C)- "Gg 303759 =  P*4-1*25-26 Am.] 











PHYSICS 
ІНЕ 29 , 10V 
EL 
1.(а) | 2 HE a where Q = 40 nC, the charge оп 2uF just before closing the switch 2. 
(9-9) 
Ву kirchhoff's law 
(Sz ~20 + 10-21-q=0 
3q dq dq dq 1 
10-2 „оро, —20 =— 4A, — 
5 “21-25% 22 34-20-- 4-65 T REN e 
| | | | а _ Та. рса, 1, 
integrating both sides 134-20 4: = 739 | 4 





20 
. оп solving q= — (i -e74 hic 
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20 20 
(b — Work done by 10 V battery = — х 10% х 10= * 1055 Ј 


” 
2 


= x105] 


£ x10% = 50%] 


e © E 10 _ 
Heat lost by 2Q resistor = [ro dt = sofe 32 dt= r3 x102J ( 
0 0 
2. percentage of work done by 10V battery lost in the form of heat = | 


2 x | 
mAD тр 
2.(a) y= ее s for coincidence of maxima 
8100 m= 4500 n 
а 
т 5 


_ 9x4500x10 7? x1 


TUA = 2.025 mm 
x 


/ l| 4500x107! 
ve (45 x —————— = 1.0125 mm Ans. | 


2 2x107 
A РОР mg 5o. 22010 4 
S. € whole process 1S 150 aric wit pressure = Th RE vais Ee m^ = [.2х nr 
3 The whol b h Bt p *Tox19 7 | Nim? = 12x105 Nim? 
AQ=nC,AT 
HS xL x AT 
2 3 
т- 6000 240 
«7x25 7 


25 240 2000 
(à) AW=nRAT=1x — х z J= 7] 22857] 
3 


PAV=AW > PxAxAh =AW 





2340 
(b) Final temperature = (300 + (240/7)) K = к К] 


4. If x is the position of centre of mass below the centre of sphere 
Rm 
xm ——*— 
22-7 R 
8m "0 => х= 14 
7 





(QR 1 
Total energy = mg R-Žcos0]+ a? С) 
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From parallel axis theorem 


R Ї DRY | 
Aha ша | fe == . 
Ip #1, m3 4, zl 14 | (Ө is small); 


2(8m|,; 7(mYRY 
aon 28-22) 


differentiating equation (1) 





R . dé 25,99. 
0-- mg 147 sma 0 d jp 





Ax = dcos0 











| 0 М | 
| x(2rzRsinO)RdO- 
amr? | | 9) : БЕ 


ум a P, sin 040 he dF 

—— — = (dn) — Bo 
"ту; 2 A Ж 
құ P, sin dO 4 } 

dn= e 308 

A. eae 2he 
h /{ P,Asin@d J 
= Ws ТЕН 
dF cos Ө м == | 


c(2nRt) 
P n/2 

dF, = — |sinOcos0 49 

J SE x | 


4c 
Ру =8 пс Кіс ] 
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M | 


Ж 340+5—10 


360 ( 340-5-5 
335 (340-5-15 


f, = 200 x 


360 330 
I no Ee 


f -f 200 х 3 
h-f*1268Hz  ] 


m 
m u cos 0 = ‘a? +mv, 


У У] 
0—ucosO0 --l 


у, = V, =ucos Ө 





tan! ( 


\ЗизіпӨ 


Ж = 
J 


cot (B+0) 


cotBcot@-1 
з 7 cotf4cotO 


320 — 200 


_ 350х200 
335 


| =200 « 


350 





cot B cot 9 + cot? 0 = 3 cot В cot Ө -3 


1 3tan Ө 





=> сої В is min. at tan 9 = j 


hence p is max. at 8 = 30? 


V “АХ, У, АХ, 

Е" 

в АА 
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fy = 200 


360 330 


----- x — 


335 320 


x 
335 


335| 320 


es a 





diatomic 
gas 





PHYSICS. 


сыы 


: 


3404 5-10 


200 
~ 335 


| 


_ 200x360 


335 


360x33 
32 





-350| 
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AW- (хак = 7035 -XD 
X, 


5 
AQ = AU + AW = nC,dT + AW= - RC, -T) * AW 


5 5 5 k 
AQ- 7 (RT, -RT) + AW= (У -Р\,) + AW= 5 (X; -KXD) + = 0 -XD 





AW (к/2(Х:-Х?) uut 
= X = x = o m 
1= ло *1007 (572) x2 - kx?) - (c/2X1 - X2) 
u u u 
10. m vg со8379 67 ev, cos37° x 5/8ху,х4/5 
& S al? 
POHTESY Vy Yo 
2v, 5іп 379 me 2У,х3/5 _ 13 
g E ver 10 Vo 
13 
ур = 5 is m/s ] 
4 7R? 4 рз 8M 
Па) M= Pag? Motai = pn ОЛУ; removed — 
_ " GM, T ОМ, oval " 2GMm 
dE MES А ЕЗ; "eR 
э, 


If V, and V, gravitational potentials, у is final speed 


= v= ,/2(V,-V,) 


(b) 


where У, = [- бы 


putting the value of V, and V, and solving we get, 


К, =30 
L, =20х 103 H 
R =60 
E 12=40х 103 H 





ел 15 sin 2001 


Z,= УВ + (Oly) = 43.4? =5 
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Z, = |62 +(01,) = 46348 = 10 
2- JR, +R)? +(L, *Lj) = 4/9 219 = 15 


is. 
I= =! sin(200t $) = = sin(200t-6) 


R,+R, 9 
І = sin (200% — $) where cosó = — 2 = 15 





Now, V, = 12, sin200 t- 6 + $) 


ы 





Un | Go 


R 
1 ) 
= 5 51п (200{ “т h = — = = 
sin ( ) [ ф $i] ere cos, 7, 7, 
V, 7 5 sin(200t) 
У, = Z, sin(200t) 
V, = 10 sin (200t) ] 


140) 22 жаам = 


TE 
=> СЕЕ Tx = t (—)) 


. In 








— 1n 





> 


a їч = # (1—3 е-М 
“шз ту Ме 


(b) Att=2T 


2T 





No. of a particle decaying 
= № +9 (2T) - Noy [№ is N at t= 0] 
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yd 0.7х107х0.7х107 








14.(а) Ах,“ % = 2x03 
7 7 
Аф, = TRE я 7 Wh WW 
М” TX 7x107 06 3 
+ . n 
Similarly, Аф, = 2л + 3 
3 ч ? э 1 А 
А, (2А)#+А?+2А? х = 
т= 61, == 
L7 Oly i 
7х1074 : ; 
Li 6 [Intensity due to 1 slit] 
(b Тғопіу S, is covered Е 
` ҮЗА 
2 3, A 
i= 3l, = 6 res 60° 
A 
Г. = LP 107^ W/m? 
СУДИР х107 
(с) Ах = (125-1) x 14x 10% = —x10° = іне = 
T 
=> Аф =T + 3 
т 
Abs. =л+ > 
: 1 
А; =A? +4А? - 2A? х= =4А? = 4], 
4 14 
| e x7x104= 3 x 107* W/m? 
15. (а) v, = 12.7 10 =22 m/s 
Yr 16 m/s 
v= view 
v= 4256+484 = v740 m/s 
v= 4740 m/s 
; TEE. 2x16 
(b) Time of flight is = —- = age 3.2 sec 


х-32х22-704т 


1 
704-10х3.2--- хах(3.2)? 


70.4 = 32 + 5.12 а 
а = 7.5 m/s? 
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(c) 


16. (a) 


(c) 


amplitude of mass m = 


"аш jeep = 121+16] = ыы 


йы = 7.515 у= -10j 


jeep 





aball/ jeep = ĉball * jeep = -10)|-751. — 


— 20 m/s 





400 


0 = (20)2 2 х 12.5 хз, s=—— 


29 


>s=16m | 


1 1 1 A 
(Ех, -ЕХ,)- КО, -Х,) = тур +5419 


} 


Я saapoo inl > 6: 


H 
P H ——› 


V ] i У? 


6F 


6F 
— Xm, + ype = —k(Xm, + Xm, ^ 


l 
2 
6Е 1 

“= (Xm, + Хт,) = —k(Xm, +Хт,)?, el 


12F 12 5Smg 12mg 
x = 

5к- 5 k k 

à 12mg 

maximum elongation-: p" 





Xm 1+ Xm, = 





mXm, = 4mXm,, Xm, = 4Xm. 


12mg 
k^ 


12mg 12mg 
4Xm, + Xm, = —— => 5Xm, = a ERN 
K k 





Xm, + Xm, = Xm, - 4Xm, 


12mg . _ 48mg 
5k 5k 
48mg 
5k 


Ape 4 х-—=—= 
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= 12.5 m/s2 


ш +Xm,) 


_ Tang 
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hk 5k 
a " 4 
[5k 48mg 


Ушау ОЁ = ФА = al 


us [ш | 
Vinay = 240 sk m/s Ans. | 


17.(а)Ву momentum conservation, 
5m x v, - mv, = mv, (1) 
By angular momentum conservation, 


n À tN PM. 
--2|-- —-Z 
m ) m5 J+ p "e 


By coefficient of restitution equation, 

















(1 
...(3) 
5:50 
УТУ, SV, 
ер л 5 
Y 12 
Sol? 
бу-у, 0| —-z 6x 
ÉL s | | T 215 + of 5-2), 
: Vo | 4 (2-2 * 
а 
ol ol 
6) eyes 0 5 o Qm 
Ро 
15-6! тарып 
n 5-2] = 2 =” 6 2 Бы 2 = 
Be, vi 
© Те 29756 aeos 
32 р р 38/ 
4 3 9 
ol 21%, 29у, 
өне 76 ^ yim 5v VS 76 








0) 
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- 
m m 
x24 = Miter, |22 
28k 


Үлп ^ 5k СҮ SK 





ies 
K, 


18. (a) 


(b) 


(c) 









x 292 15x21? 4 5x 7? NNUS 
; 76? "B^ © 5716 
2845 
= x100 = 439 
5776 к 
С 6 3 8 , 
быч B +H, "7 "a 
5R 3R 
NI NAMES 
5o tym 
А SR 5 3R ISR ap imp 
Cs) 2 =_2 == {Йй 
5 5 10 
C,=R+C,=21R+R=31R 
Ср ЫЕ 3 з 
Y"c в 219 7721 
given 
T,=300K 09, 7,-1200К Ve , Т,-300К 
P, =P, 2 x 105 Nim? P,-2x10Nmi-R, Р,= Р = 1 
"а 2 
У, = У, У, = 4У, У; = 4У, 
Р 
ї=соп5ї | 11=300K 2Т-1200К. 
Ті-Т,-300К 1 1 
У; = V,7 Vo Po | 4T=300K 
P =P, =P, =2 х 105 N/m? 3 | 





300K 1300k^ 1!) 


Work done in entire cycle : 








Мо =ЗР. У, 
Ж, =0 
vV, ) iy `N 
Wi au = nRT, log, У, ) = РУ; log, \4У, =- ].4 РУ; 


| Хм = Wi? T Ws 53 T Ws. ы 


ы = ЗР, — 14 РМ, = 1.6 РУ, 
Wet = 1.6 P, Vo 


Qin 7Q,,,7 AU, +3, = OTT) 
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Qin 7Q, =H *3.1 R (T-Tj) = 3.1 (uRT,- ЕТ) = 3.1 (Р,У,- РУ) 
Qi, = Q, = 3.1 (4B, V,-P, Vj) = 3P,V, x 3.1 


, AW 
n= a x io 
Qin 


Koly Vp. igo = 36 1.6 0 
n%= зру x31” = 51 100: ЖО 1%--- = 17.2 % | 








| 1 
(а) AT=—~=10% sec 


























1000 
(b) Г = 4A? 
I) = 2А? 
=> when А, < ,/2 A then detector becomes idle 
| AS AT 
from 1 to 2, it remains idle for phase angle of 90° => t. = Wer 0.5x 103s ] 
4.8m, 0.06 kg 2.56m, 0.2 kg 
P 0.06 Q 02 T=80N R 
20. ње = 0.0125kg/m EET -0.0781kg/m 
A, = 3.5 ст = 3.5 x 10-2 m 
| ж 80_ 
= Vus = = 80 m/s, V7 Ү 00781 = 32 m/s 
РО pee _ SET _ 48 do) Es 
sei ә ТРЕ ii х 3.5 x 10 ii. x 10m 
2v) > 64 AN 2 
А, =A | учу, = 3.5 x 10| 115 ) =2х 107m 
ү РЧ ‚ 2.56 
80 32 
21. Given: 1,=0.5A 
I=], +L 
Applying Kirchoff's Law:- 
15—111,-(11-1r) x 0.5=0 „.(1) 
and Іш-іІ,х6-3 ...(2) 
Putting I, = 3/r in eq. (1) 
9.5 — 11 x (3/5) + 0.5r=0 
r+ 19. - 66 =0 
r=3 


So, length AD = 3 ст] 
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ы а Па 8 r 
t á 
3 IR TRY Я 
à mad ra Tpke 
"1; 811 4 
3L/5 
23. УрсозӨ 
вм 
'Vgsin8 
„у 
< Упс0$0 
QN | 
N к № 
vosinO 
Lab frame CM frame 
Fig. (A) 
In CM frame velocity of B 
A X \ 
у gs / 
( Vo cost Y 
à E. d . L 2 2mv; cos’ Q 
Tension in string = ——————— = ——*—— 
" L/2 L 


Tangential velocity remains unchanged whereas velocity change along string for B is 


р mv sin Ө 
Impulse of tension = т 





24.(a) Let wooden log moves distance x 
Displacement of centre of mass along horizontal = 0 


L қ; Ё x| 
cow + = = = 
2m 5 Еп? | mx = 0 


3L 
x= 8 = 20.25 ст 


(b Ву conservation of mechanical energy 


] 
5 (m + т + 2m)v? = 2m — m)g(Lsin60°); 
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Fig. (B) 





2 


107050 
» 2 


'gsin&B 





vsinO 
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25. 


26. 


2d. 


28. 


point where _ a 


bat is held NS р 






CM 





ex 
* [Par =0 
y 


(FAt) = т 


From linear momentum linear impulse equation, we get 








РЛ = МУ am el) 
From angular impulse angular momentum equation, we get қ 
Fly a a)At = (MKL)o (2) [У translation! = Vim 
(Мк) 
(у E a) = MV 
For point to be stationary Vrotation! = (а-Х)® 


Vom = (8 — X)O 











=(a- x)= or v9 


mg + 1.36 = p,vg 
mg + 0.82 = p, vg 
mg+1=pvg 


PV, + P2V2 
p= 
У +v, 


Vi 1 
_ 77 Ans. | 


solving we get | 
2 


If system is balance then 


Mg M А 
2T, = МЕ 30°= = Г. = ra ....(И) 


Т,-10х10-100М,Т,-100М .....(iii) 
from (i) d, = 3d, , T, ха =T, x 3d, ,T, = 300N 


е Mxg 
from (ii) 300 = 4a M = 120 kg 
М = 120 ке 1 


Ray 1 carries (1 — К)? of the beam's energy; 
Ray 2 carries К2(1 — К)? of the beam's energy; 
Ray 3 carries k*(1 — К)? of the beam's energy; etc. %ы 
The total fraction of transmitted energy is 
(1 - k + K(1 -к + КАТ ky +... 
-(1—ky(1 +k? + k^ +...) - (1 - ЮУ - k?) I» 3 
=(1-k1 +k) = 7/13 = 53.8% 1 
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29. 


30. 


31. 


В 
sin Ө 
КА = RB cos 20 


h 
-ag (cos 20) 
path difference Ap = RB - RA 


h PO 
A = Fn (1 - 008 20) = 2h sin 8 = X 


А т 2X 
2sn8=—- 3x — 


h 180 2(4m) 


„= 4х-=ш =0.42 m] 
30 


2 
2 


Ур -У2 _ (35-20) 


2g 100 (in meter) 


Also, v; (1) = у, (2) (by equation of continunity) 


| зу? 15 


гу) = 1 m/s 


2. mass flow rate = сх у, x A, = 1000 x 1 x 2 x 104 


= 0.2 kg /sec 


T suppose v is the constant velocity then o = — 


current I: when v = 3 m/sec 


2R 2 





and т= трг = 20 х 10? х 10х 0.2 =4х 102 N-m Ans. | 
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] Brv 1 0.5x0.2x3 E 


0.15 
for highest velocity net torque on the ring should be zero 


У 
r 


1 В?лг?у 
2 R 
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1A Ans 
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1 dN 5 
32.(a) Nw Су“; 


(b) 


(c) 





33. ти = 4mv, cos ...(1) 
mv, = 4mv, $110 ...(2) 
From eq. (1) & (2) ез 
и? + ў -16vj | ...(3) 7 
E, =-(13.6 eV)z? = -54.4 eV 


4 | Before *4inv, 
collision After 


(3.627) _ collision 
а 


Е, =- 6.4 еУ 





(13.622) 
16 
AE, = E, - E, = 40.8 eV 
AE, = E, - E, = 48 eV 
AE, - E, - E, = 51 eV 
AE,-E,-E,-72eV 





Е,-- =-3.4 eV 


l 2 1 2 1 5 1 и? +v? 
65eV = mv, + 2m +ДЕ = 5 fv; + 24) Е |*^4EB 240 


1. 1 02 беу 
65eV = om tomy + — + AE 


On substituting AE, = 51 eV 


mv, comes out to be negative. which implies that, electron transition upto n = 3 is possible. In 


subsequent de-excitation the possible energies are 
AE, = 40.8 eV [n= 2 to n= 1] 

ДЕ, = 48 еУ [n-3ton- 1] 

ДЕ, =7.2 еУ [n-3to n- 2] ] 


34. Net external force = M a v 


system cm 


Yd (ао, 
2mg sin Ө = mj 2m 





=> а = 2g sinO 
GBansal Classes PHYSICS [26] 


+m 





a= gsinO 
v? 3v? ы 
Also v?— ж = 2а4; d= Eo 5 solving we getd = 2 m/s Ans. ] 
35. | Letatany instant t charge is q 
q 
-- -- 
i=- > [charge decreasing] G 
dt ; 
&_ dq қ 
t ade 
cH ord ,, Hag HT 4а 4 
С d. ~ С е” dt? ІС 


1 
4-4) cos ШЕ | 


iX eU а gat 
2 С 4 С 42 
Let it happens at t = t 
90 aa. lt 
/2 = 90005 Cite “oJ; ^ ЛС 0 = п/4 
л. уша 
t= 2716 = 5n х 10 sec] 
ИРЕР er some time after collision 
ust before ust after i 
collision collision 
m.v М6: | 
36 сте сч 
m, 2V "(0p 





Applying conservation of angular momentum about CM of the system which is CM of the rod 
just after collision 


\ 2 рү AN 
КЕК (5) - 8 (E (E 





12 (aw) 6 
\ 6 / 6 2 4 
Зу 
g = 4L 
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37. 


Applying conservation of angular momentum about СМ of the system just after collision and at 
the time when insects are at distance x from centre 


2 2 
zem «mx? «mx? (o _ 2mL m „еШ. 
12 9 0 











2 9, 2. 1/2 
ans 2L'ogdt ' fao = L'o, | ах ; 
2 2 
JE +2х2| 6 ЗУ aig D e| 
6 12 











EJ ; 
(a) (К sin 60°) = т= Ia 


E e\R sin 60°) 
x РА 


.. Ос 1 7 = 
БИЗ 
2 2 








mg mg . / 
(b) N, = —- cos 60? = — e 
2 4 NN A N; 
m m N 
and me sm 60° —М, = 5 ад Zl 
ж“... 
Xx mg43 і ч 
= m 
JE T 
Fa = mg + М, cos 60° + N, cos 30* | 
21 
= ----- o 
16 18 
Fir =N} sin 60° – N, sin 30° 
_ тру 
16 
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38. Time taken by A to reach to В t, = 1/4 
now velocity of B will be 4 m/s 


time taken by B to oscillate = л E 


time taken by A to go back to left wall is = 1/4 — t. 


] 4. 4 3 
total time period of this oscillatory system = t, + t, + t, = 4 + 4 + д = T= 4 sec] 
їапӨ , , 
39. " m< 1+(К2/К2) ‚ Tolling will not occus 


. тр(ѕіпӨ – рсоѕ0) 
3 m 
umgRcos0  ugcosO 
mR? Вв 
If tis the time to complete one revolution 


Also a= 





1 
сз ы 
2 at^ = 2р 
Distance travelled by centre 


1 с. 27а _ 278 (910-056) _ 27(5-43) 


s= са = —— = 


2 a nu cos0 i УЗ 


40.(а) Initial acceleration = а-ы = 


4 


(b) At the instant when spring makes an angle Ө with vertical 





x = L tano 


4 

те mg | ni)» 

—-xLtanOÓ — —-xLtanO + uy 
2 4 ЖЗ 


W, = work done by spring force - - change in spring energy 


mgL tanO _ mgL tan 0 ^ lun .sséo-rp _ Sag 
2 4 2 8 
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(с) Еогу=0 х = ҮЗІ, > | 0-60? 
J3mgL 1 кї2 
4 2 
V3mg | 
AL 
Үй 
Кз [ао = 2nvs? 
w.r.t. to lift 
acceleration of coin, а = g—a) = 8 m/s? 
ца 7 3 m/s 
: : Urel 
maximum height, H' = за =0.56m<1m 
a 
so, it cannot touch the roof of lift. 
Now, let t, is time taken to reach the floor 
1 
-1-34- = (8) 
On solving, ty = 1 sec 
w.r.t. ground 
Initial velocity, vy = 8 m/s 
2 
Maximum height, Н = 2. =3.2m 
Time taken for upward motion, t, = уув = 0.8 s 
Time taken for downward motion, t, = 1 — 0.8 sec = 0.2 
Distance travelled during downward motion = (1/2)g x (0.2)? = 0.2 m 
Total distance travelled = 3.2 + 0.2 = 3.4 m 
Displacement till that time = 8(1) – (1/2)g x (1)2 = 3 т ] 
1 
42. Point source ~ spherical wavefront => I oc ai = I 
L= 100891” -30 ... (1) 
0 
41 
L, = 10 logigy = 1010854] + L = 20 log, 92 + 30 = 36 dB 
0 
sound will be inaudible if 
151 
from (1) І- 10001, 
1 а: 
h^ 1000 = 4020)? 
d, = 200 Ло т ] 
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43. 


44 (а) 


(b) 


/ ІІ а sem 





m" feu 40-(-30) | 265 
m = v/u 5 4 cm/s 
у=-120 ст ol 
А 1 1 1 120 40 
= У TUNE S NET - m /= 60 ет 
УШ MG. vu 7 f-40cm /-60 
xs 1 1 1 1 4 zs 
= x — — — 724 — = [Á — еды? 
I, v -30 +40 40 30 ^ \* 
= 64 cm/s 
Generaly equation for y-component of velocity of image 
yy f d 
a m > Ыы) x Ус 
Yo /%% y @& A fex, 
dy, yof dx, Ух, ху,/ 


ы m-————x—À _ Wa MEER 
Applying equation (1) for first lens with Vy, — 0 and then applying for second lens with 
Vy, = — 16/5 cm 


ЕГЕСІ 
p, 57> (f * xy 2dt = — (16/5) cm/s 


60 


Now substitute Vo, and m = 60+(-160) --- ineq. (1), to get 


|“ 





223 ЕЗ 64х2х60 
, 4 
Therefore, relative velocity = 2 x 125 


To determine the specific heat capacity of unknown solid, 


m,s, +m,s, Өсе 
We USE Solid = 


Yes Ds | 
my 0, -6,, | and get S ong = 1/2 cal/g/°C 


\ 


\ 


НИЕ 
— = = о — 10 
Лак 22019,0, 60,-9,) COLO 450—200 800-400) 1% | 


ES +5; | 8-6, ` 
КІШ! m, 0,-0 


substituting value, we get s, = 0.5 cal/g°C for finding error in s, 


/ к 
т, +15; | | (6,-0)(40-4,) 02200209 
ШЕГЕ ee (0-6,)(d0, —do) 


т, 
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45. 


46. 


ds, (40-46,)(6,-0)-(0-0,)(40,-406) (0,-Ө)-(0-0,)40-40,(6,-0)-46,(6-0 ) 





$i (8, -6)(6 -6,) (0, -6)(6-8,) 
As; _ (0, —8,)A6+(8, ~9) AO, + (0-60,)^6, Аз _ АӨ[2(Ө, –Ө,)] 
S} (0, -9)(0-6,) > sı  (8,-0)(0-0.) 
As, is minimum when (9-0) (0 — Ө.) is maximum. 
0, +9, 
This happens when Ө = ——— 
х 20+80 





— steady state temperature should be =50°C Ап. ] 


— 


1 cm, 1 em 


(а) 0.2 cm; (b) -0.1 em ; (c) 12 cm 


[Sol.(c) и = 30.2 — 0.2 (excess reading) 


47, 


48. 


= 30.2 cm 
у= 19.9 - (0.1) (excess reading) 
= 20.0 cm. 
1 


11 
—=—+— >f=12.0cm | 
f v u 


t=t Let charge on outer shell is Q = charge on innershell = О, + Q.—Q 


dQ 
=> Leakage current I = p) 
at distance r from centre 


J-cE i wae’ 
Q 











/ 
г. 00-0) РЁ мы 
Am E 4л En Kr? \ қ. 6-17? / 
1 ' 
1 29:00 М 
dQ с(0+0-0) 
at Е К 
U-Ü dQ t-t & 
Se es сщ d 
20090041 
ot 
-4n 0%50,-0 c Qi *Q,-Q ot get 
" — ee sint =, ей 59-0, +a- "n" 





The expression for the electric field can be obtained as 
Е=К (1 + cos Qt) cos ot 


1 1 
— К с0$ at+ -Ксов(о- О) + = К соз (0 + О), 
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49. 


50. 


51. 


When the product of the two cosines is expanded using a standard trigonometric identity. These 
three terms corresponds to photons of energies ho, В (о-О). The latter exceeds the ionization 
energy by 0.7 eV. That difference equals the ejected electron energy. | 


One can use the formula for the capacitance of a parallel-plate capacitor: 

C = є,А/. 

According to the definition of capacitance, the charge on one plate is О = CE, where E is the emf 
(and the voltage across the capacitor). 

Also, the current is given by 

I (t) = dQ / dt 

I (t)  E(d C/ dt) 

I (t) = E (dC/dd) (dd/dt) 

One can see that (dC/dd) = (~e, A/d?) 


Since d љ d,, (dC/dd) = (-e,A/d2) 
Also, (dd/dt) = (ао sin ot) 

I (t) = (Е& А/ 42) (ао sin ot) 

The amplitude of the current is then 


I= EgA aa/ 42 ,50 





The fact that the pendula hang vertically at equilibrium implies that the rubber band tension is 
zero at that moment. If the bobs are each displaced a distance x, then the rubber band is stretched 
by 2x, resulting in a tension of 2kx. Gravity and the string tension act together to produce an 
additional restoring force of mgx/L on each bob. The total restoring force on each bob is then 
—(2k + mg/L)x when the bobs are moved outward from their equilibrium positions and -(mg/L)x 
when they are moved inward. 


/ 


ENJ = 
In general, the period of a simple harmonic motion is T = 2л/о. Then, for the first (outward) half- 
cycle this becomes P, = 2n[m/(2k + mg/L)]'? = 21(2k/m + g/L)’ and for the second (inward) 
half-cycle it is P, = 2n[m/(mg/L)]'? = 2x(g/L) '?. To find the period of the motion we add the two 
half-periods: T = (P, + P,)/2 = n[(2k/m + g/Ly'? + (g/Ly'?] 


In the center of mass (c.m.) reference frame, all the kinetic energy is conserved to electrostatic 
potential energy at the final instant. The center of mass velocity is 3у/5 (assuming the alpha 
particle is travelling in the positive direction), so the incoming alpha velocity is 2v/5 and the 
incoming proton velocity is -8v/5. Therefore, the total kinetic energy in the c.m. reference frame 
is 8mv?/5. At the final instant, the electrostatic potential energy of the system is e?/2ne,r. Solving 
for т gives r = 5e?/16re mv’. | 
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52. 


53. 


54. 


Since the bullet's loss of speed (Av = v — u) is small compared to u, we can assume that its 
deceleration is fairly uniform while passing through the block, so the upward force exerted by the 
bullet on the block is also fairly steady. The time that it spends passing through the block can be 
found: 

At =d/v,, = 2d/(v + и) 
The upward impulse exerted on the block is equal to the bullet's loss in momentum: 

FAt = m(v — u) 

so, Е = m(v – uJ/At. Since the block does not quite lose contact with its support, we set that force 
equal to the weight of the block : Mg = mAv/At. 
Solving for M and replacing the Av and At with the expressions above, we find that the minimum 
block mass is М = m(v? - w’)/(2gd) = 6.0 kg ] 


Minimum Ө implies minimum V. and maximum V,. 
In order to have the aforementioned situation, the rock has to be launched horizontally. 


Then: V, = V7 +2gh (g»0, V =0) 





V =V 
ta 0=V, / Veo 
Ve = Vtand 
v = V’tan’0 
Also: 
ү, = 2gh and h = vtan-0/(Zg) ] 
The rate at which heat is transferred by a wr rod is given by the expression: 
28.2 = 
Р = T kA tte C = 


in which A is the area, L is the length and k is ы thermal DP the only factor different in 
the two experiments. Since A(t, — t,)/L is a constant, let C denotes it. When you put two rods in 
series you would have: 


А( =t,) 
Lb 
E 


For our case, L, = L, = L. So we have: 


_ Att) | | J- of | 
L \1/k,+1/k k, +k, J 





1 1 1 
= -=— + ә 
POR 2, 
We have Т, = Q/P,, T, = ОР, and T = Q/P 
1-9 = SUR — T, +T, = 80 min.] 
P P, P, 1 2 


First, one can connect the voltage source, the unknown resistor r and the ammeter in series. The 
voltmeter should be connected in parallel with the ammeter. The ratio ofthe readings, (V/T) equals 
the resistance of the ammeter. Then the voltmeter should be reconnected in parallel with both the 
ammeter and the unknown resistor. The ratio of the new readings (V'T) now equals the total 
resistance of the ammeter and the unknown resistor. The unknown resistance r is, therefore, given 
by r = (V'/T) – (V/T).] 
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56. 


57. 


58. 


Since the normal force оп the top mass is zero and the horizontal acceleration of the top mass is 
zero at the instant it loses contact with the wall, the tension in the rod at that moment must be 
zero. Thus, free-body diagrams for the two masses are as sketched below. 





Therefore, the top mass has downward velocity v =—dy/dt and acceleration g = —d^y/dt^, while the 
bottom mass has rightward velocity u = dx/dt and zero acceleration. 


But у = J;2. y? since the length of the rod is fixd, and thus 


x dx xu 
уф -=== 
ue X 


and е ауатын шу u^ xev. ум ЖЕ. 


Finally, from conservation of mechanical energy, 








1 
mg(r—y) = > ш( + v?) 





2 22 
х ufr 
=> 24:-У)з afis A ea Sey 


у 


so that 


2 [Ser 


=, =] — i= — 
g ae h 


The heating element will consist of several segments of wire connected in parallel. For maximum 
heating power, each segment must carry the greatest possible current, which is 2 A. Therefore, the 
resistance of each segment must be 110 V/2 A = 55 Q. Since, 536/55 = 9.74, we can only use nine 
segments. Each segment will have length = (55/536) L, where L = the original length of the wire. 
(The tenth piece will be too short and must be discarded) The heating power will then be 
9х 110 V x 2.0 A = 1980 W] 


Let the mass have descended a distance y and be at speed v. The changing magnetic flux through 
the circuit loop leads to a Faraday emf BLv. This emf is related to the charge on the capacitor as 


а = CBLv 
Differentiating with respect to time gives the current іп the loop 
I- cB, S" 
dt 
The magnetic force on the current carrying bar (upward if the bar is descending) is given by 
Е. = ВП. = св24У 
mag a =- dt 
The net downward force on the bar and Newton's second law of motion gives 
dy d?y 
= SPORT eS 
mg — ky — СВ“, d P de 
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59. 


60. 


: т т ; Д қ $ 
Transforming to the new variable u = y — ке allows the equation of motion to be written in 
K 


the form 
а?а k 
—— +— " =0 
а“ т--СВ“І. k 
This is the familiar simple h i ti ti ith lar fi =. 
is is the familiar simple harmonic motion equation with angular frequency o Y ш+СВ212 


and so the period of oscillation is 


| Qc 
T- 2л, TES ] 


That charge is finite because the second inductor shorts out the battery so that the final voltage 
between the top and bottom of the diagram will be zero. It will take some time to reach that 
condition because the current in L, will approach its asymptotic value gradually. Let "I" be the 
current through L, and let "i" be the current through L,. (Both currents are functions of time.) The 
voltages across the three vertical parts of the network must be equal: 


V = RI + LjdI/dt (1) 

V=E-r(I +i) ...(2) 

V = Г, а/а ...(3) 
Combining eqs. (1) and (3), 

RI +L, dI/dt = L, а/а ...(4) 


К seems likely that У will decay exponentially. (У = Vae 8) so the terms on the right sides of eqs. 
(1) and (3) must decay in similar fashion: 
I-le*,sodl/dt--kle* and  i-i(l-e*) 
50 di/dt = ki.e 
By plugging those expressions into eq. (4) and cancelling the exponentials we find that 
RI, -kL = ki, Г... Solving for the unknown constant, К = RI,/[I,L, + 1.13] = R/[L, + „Лы. 
But I, = E/R + г) and i= Е/т, so 1/1; = (R + ry/r]. 
Therefore, К = ЕЛІ, + L,(R + ryrJ 
To check the solution it has to be seen if it is consistent with eq. (2): 
V,e* = E-r(1+ i) -E - 11е + /(1- e*)] = (E-r i + rG- ђе", 
(E — ri) = 0, so factor out the exponential: 
МС ЦЕЛ — Е/(К +г)] = E[1 - r/(R +n] =Е[В * r - r(R + г) = ER/(R + г). 
To find the total charge that passes through resistor R, integrate I with respect to time, from t = 0 
to oo 


Q= ра = 1, fe dt - L/k = [EAR + 9, + ЕВ + ЛВ = (ЕВ. (В +r) + Lyr] ] 





sin Ө = 2R/a = x/(2R) 


4x0.1x0.1 
“x =4R?/a = ET ws =0.04m=4cm] 
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EXERCISE-I 


A particle of mass m is projected with a velocity u at an angle of 0 with horizontal. Find the intial angular 
momentum of the particle about the highest point of its projectory. 


A hollow sphere is released from the top of a movable wedge as shown in the 
figure. There is no friction between the wedge and the ground. There is sufficient 
friction between sphere and wedge to provide pure rolling of sphere. Find the 
velocity of centre of sphere w.r.t. ground just before it leaves the wedge 
horizontally, (Assume masses of the wedge and sphere are equal & >> В the 
radius of sphere) 





Abit of mud stuck to a bicycle’s front wheel of radius r detaches and is flung horizontally forward when 
it is at the top of the wheel. The bicycle is moving forward at a speed v and it is rolling without slipping. 
Find the horizontal distance travelled by the mud after detaching from the wheel. 


In the figure shown, the ball of mass m (having velocity v,) hits the surface ofa 
stationary square plate of mass m and side L, with center pivoted at C ona 
smooth horizontal table .Due to the collision, the ball stops. Find the angular 
velocity of the plate after collision. 





Awheel, of radius 1 m, is rolling purely ona flat, horizontal surface. It’s centre is moving with a constant 
horizontal acceleration = 3 m/s?. At a moment when the centre of the wheel has a velocity 3 m/s, then 
find the acceleration of a point 1/3 m vertically above the centre of the wheel. 


A force of constant magnitude F starts acting on a uniform rod AB in gravity free space at the end A of 
the rod. The force always remains perpendicular to the rod, even as it moves. The mass of the rod is M 
and its length L. Then, find the value of the dot product Б.а , at any later time(where a, is acceleration 
of point A.) 


А uniform horizontal rod of length / falls vertically from height h on two identical meu 
blocks placed symmertrically below the rod as shown in figure. The coefficients of 


restitution are e, and e,. Find the maximum height through which the centreof — 2309.528 

mass of the rod will rise after bouncing off the blocks. а o m L = 

Auniformrod of length /is given an impulse at right angles to its length as shown. cm 

Find the distance of instantaneous centre of rotation from the centre ofthe rod. "X 
impulse 


A small ring of mass m is threaded on a horizontal smooth rod which is rotating about its end with 
constant angular velocity œ. The ring is initially located at the axis of rotation. When the distance ofthe 
ring from the axis becomes r, then find the power required to rotate the system with same angular 
velocity. 


Ona smooth table two particles of mass m each, travelling with a velocity v, in Чат 
opposite directions, strike the ends of a rigid massless rod of length /, kept , Г y 


perpendicular to their velocity. The particles stick to the rod after the collision.Find ENG 
Vo m 


the tension in rod during subsequent motion. 
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Q.12 


Q.17 


0:19 


0.20 


0.21 


radius of the wound thread layer is r = 3 cm. Find the acceleration of the spool axis . 


A rigid body in shape ofa triangle has v, - 5 m/s у, v, — 10 m/s $. 
Find velocity of point С. ы 


А = В 


A particle of mass 1 kg is moving with constant velocity of 10 m/s along the straight line y = 7x + 4. Find 
the angular momentum of the particle with respect to the point (3,4). 


A circular platform is mounted on a vertical frictionless axle. Its radius is r=2 m and its moment of inertia 
is 1= 200 kg-m*. It is initially at rest. A 70 kg man stands on the edge of the platform and begins to walk 
along the edge at speed v, = 1.0 m/s relative to the ground. When the man has walked once around the 
platform so that he is at his original position on it, what is his angular displacement relative to ground. 


Two discs A and B touch each other as in figure. Arope tightly wound 
on A is pulled down at 2 m/s’. Find the friction force between A and B 
if slipping is absent 


Two masses each of m are attached at mid point B & end point C of 
massless rod AC which is hinged at A. It is released from horizontal 
position as shown. Find the force at hinge A when rod becomes vertical 





Anisosceles right triangular plate ABC of mass m is free to rotate in vertical plane 
about a fixed horizontal axis through A. It is supported by a string such that the side 
AB is horizontal. Find the reaction at the support A. 


A solid uniform sphere of radius R and mass M rolls without slipping 
with angular velocity oy when it encounters a step of height 0.4 В. Find 
the angular velocity immediately after inelastic impact with the rough step. 





A spool with a thread wound on it is placed on a smooth inclined plane set at an angle of 
30° to the horizontal. The free of the thread is attached to the wall as shown. The mass of 
the spool is m = 200 в, its moment of inertia relative to its own axis is [= 0.45 gm?, the 





Auniform rod AB of length L and mass m is suspended freely at A and hangs vertically ШШШ 
at rest when a particle of same mass т is fired horizontally with speed у to strike the rod 
at its mid point. If the particle is brought to rest after the impact. Then find the impulsive 2. || 
reaction at A. 3 


A ball of mass 0.1 kg rotates in a horizontal circle of radius 1m at constant 
speed 1 ms“! ona frictionless table as shownin the figure. The ball is attached 
to a string which passes through a hole in the table. By pulling the string at the 
lower end, the radius ofthe path is reduced to 0.5 m.Find the new velocity of 
the ball and tension in the string. 
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Asolid sphere of mass m and radius R is placed on a smooth horizontal surface. A sudden blow is given 
horizontally to the sphere at a height h = 4R/5 above the centre line. If] is the impulse of the blow then 
find 

the minimum time after which the highest point B will touch the ground 

the displacement of the centre of mass during this internal. 


A uniform ball of radius R rolls without slipping between two rails such that the horizontal distance is d 
between two contact points of the rail to the ball. If R=10cm, d=16cm and the popular velocity 1 is 
Srad/s then find the velocity of centre of mass of the ball. M орй E en = 

um 
A cylinder of mass M and radius R is resting on a horizontal platform (which is parallel to the x-y 
plane) with its axis fixed along the y axis and free to rotate about its axis . The platform is given a 
motion in the x-direction given by x = Acos(ot). There is no slipping between the cylinder and 


platform. Find the maximum torque acting on the cylinder during its motion. 


In figure, the load W weighs 200N, 0 = 37° and the beam has negligible 
weight. Find Г 
the tension Т in the cable and 

the horizontal and vertical components of the force that the pivot exerts 
on the beam. 





The door ofan automobile is open and perpendicular to the body. The automobile starts with an acceleration 
of 2 ft/sec*, and the width of the door is 30 inches. Treat the door as а uniform rectangle, and neglect 
friction to find the speed ofits outside edge as seen by the driver when the door closes. 


Ta rg 


A 5m beam weighing 250 kg is lowered by means of two cables 
unwinding from overhead cranes. as the beam approaches the ground 
the crane operater begins applying brakes to slow the unwinding motion. 
Knowing that the decelearation of cable A is 6 m/s? and the deceleration 
of cable В is 0.6 m/s?, determine the tension in each cable.(g-9.8m/s?) 


A 20 kg cabinet is mounted on small casters that allow it to move freely 
(и =0) on the floor. If a 100 N force is applied as shown, determine 
the acceleration of the cabinet, 

the range of values of h for which the cabinet will not tip. 






One end ofa uniform rod ofmass M and length L is hinged to the ceiling such 
that it can rotate freely about, the hinge in vertical plane. The arrangement is 
shown in the figure. A ball of mass m moving horizontally with speed u hits the 
rod at point P separated by a distance x from hinge. For what value of x 
reaction of the hinge on the rod is minimum and what is it ? 
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EXERCISE-II 


Auniform plate of mass mis suspended 
in each ofthe ways shown. For each 
case determine immediately after the 
connection at B has been released ; 
the angular acceleration of the plate. 
the acceleration of its mass center. 


Pin support 
s 





A horizontally oriented uniform disc of mass М and radius R rotates freely about a stationary vertical 
axis passing through its centre. The disc has a radial guide along which can slide without friction a small 
body of mass m. Alight thread running down through the hollow axle ofthe disc is tied to the body. 
Initially the body was located at the edge ofthe disc and the whole system is rotated with an angular 
velocity о. Then by means ofa force Е applied to the lower end of the thread the body was slowly 
pulled to the rotation axis. Find 

the angular velocity ofthe system in its final state 

the work performed by the force F. 


A uniform thin rod of mass m=30kg and length L=0.80m is free to rotate about a horizontal axis O 
passing through its centre. A particle P of mass M=11.2kg falls vertically through a height h-36/245m 
and collides elastically with the rod at a distance of L/4 from O. At the instant of collision, the rod was 
stationary and was at angle о0=3 7° with horizontal. Calculate 

о of the rod just after collision 

velocity (magnitude and direction) of particle P after collision [g=10m/s?] 


The parabolic spandrel shown was cut from a thin, uniform plate. 
Denoting the mass of the spandrel by m, determine its moment of inertia 
with respect to 

the axis BB’, 

the axis DD’ that is perpendicular to the spandrel. 





A spool has outer wheels r, and a central bobbin of radius r,. A 
string is wound on the bobbin, as shown in the figure, so as to emerge 
from below at an angle 9 with respect to horizontal. The spool rests 
ona rough horizontal surface, and a force is applied to the string. 
Show that the string will unwind if cos9< г/г, and that the spool will 
wind up onto the string if cos > r/r.. 





A weight W attached to the end of a flexible rope of diameter d=0.75cm is € 
raised vertically by winding the rope оп a reel as shown. Ifthe reel is turned 

uniformly at the rate of 2 r.p.s, what is the tension in rope. The inertia of rope 

may be neglected. i 


The disk shown has weight 10 kg. Cylinder A and block B 
are attached to cords that are wrapped on the pulley as 
shown. The coefficient of kinetic friction between block B 
and the surface is 0.25. Knowing that the system is released 
from rest in the position shown, determine 

the velocity of cylinder A as it strikes the ground. 

the total distexice that block B moves before coming to rest. 
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(а) 
(b) 
(c) 


Q.10 


О.11 


Q.12 


0.13 


( Q.14 \А uniform thin rod with а mass М = 0.60 kg and а length of 0.30 m 


0.15; 


(а) 
(b) 
(c) 


A barofmassmis held as shown between 4 disks, each of 
mass п’ & radius r = 75 mm Determine the acceleration of the 
bar immediately after it has been released from rest, knowing 
that the normal forces exerted on the disks are sufficient to 
prevent any slipping and assuming that ; 

m-5kgand m'-2kg. 

the mass m' ofthe disks is negligible. 

the mass m ofthe bar is negligible. 





(ii) 


Three small balls of the same mass, white (w), green(g) and blue(b), are fixed by weightless rods at the 
vertices of the equilateral triangle with side / The system of ball is placed on a smooth horizontal surface 
and set in rotation about the center of mass with period T. At a certain instant, the blue ball tears away 
from the frame. Determine the distance L between the blue and the green ball after the time T. 


Show that, if a uniform heavy right circular cylinder of radius a be rotated about 
its axis, and laid gently ontwo rough horizontal rails at the same level and distant 
2a sine apart so that the axis of the cylinder is parallel to the rails, the cylinder 
will remain in contact with both rails if the coefficient of friction u < tan о, but 
will initially rise on one rail if u > tana. 





À diwali cracker known as sudarashan chakra works on the principle of thrust . Consider such a toy 
the centre of which is hinged. The initial mass ofthe toy is M, and radius is R . The toy is in the shape of 
a spiral the turns of which are very close (it can be assumed as a disc ). The gases are ejected tangentially 
fromthe end ofthe toy with a constant velocity u relative to the toy. Find the angular velocity ofthe toy 
when mass remains half 


. E ~ ? - CLEP PEP LT 
A uniform rod is suspended by two light strings . The left string makes an Lon Ө? 


angle 20 and the rod makes angleO with the horizontai. Find the angular 
acceleration of rod and tension in the left string just after the right string 
is cut. 





stands on the edge ofa frictionless table as shown in the figure. The rod 
is struck, a horizontal impulse blow at a point 0.20 m above the table 
top, driving the rod directly offthe table. Determine the orientation of 
the rod and the position ofits C.M. 1 $ after the blow is struck. 
(2=9.8 m/s?) 





A uniform slender bar AB of mass m is 
suspended from two springs as shown. If spring 
2 breaks, determine at that instant; 

the angular acceleration ofthe bar. . @ ü 
the acceleration of point A. [ _ 

the acceleration of point B. 
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Q.18 
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(a) 
(b) 


Q.22 


Q.23 


Q.24 


Disk B has a mass my = 4 kg, a radius гь = 90 mm and an initial 
angular velocity à, = 750 r/min clockwise. Disk А has a mass m, = 6 
kgaradiusr, — 135 mm andis at rest when it is brought into contact 
with disk B. Neglecting friction in the bearings, determine, 

the final angular velocity of each disk. 





Auniform rod AB, of mass 4kg and length L= 1.5 mis released from A 
rest in the position shown. Knowing that В = 45°, determine the values 
(immediately after release) of 

the angular acceleration of the rod. 

the acceleration of end A. 

thereaction of the inclined plane at A. 

Neglect the mass of friction on the roller at A. 







VB inclined 
"os. fixed plane 


Three particles A, B, C of mass m each are joined to each other by A 
massless rigid rods to form an equilateral triangle of side a. Another 

particle of mass m hits B with a velocity v, directed along BC as / 

shown. The colliding particle stops immediately after impact . / \ 
Calculate the time required by the triangle ABC to complete 
half-revolution in its subsequent motion. 

What is the net displacement of point B during this interval ? 


A slender bar AB is supported in a horizontal position as in figure. At what distance 11 
x from the hinge A should the vertical string DE be attached to the bar in order iam. L, — 
that, when it is cut, there will be no immediate change in the reaction at A. e ————н 


A rod of length R and mass M is free to rotate about a horizontal axis 
passing through hinge P as in figure . First it is taken aside such that it 
becomes horizontal and then released . At the lowest point the rod hits the 
block B of mass m and stops . Find the ratio of masses such that the block 
B completes the circle. Neglect any friction. 





A uniform rod of mass M is poised vertically on one ofits end resting on а horizontal rough surface. Ifthe 
rod is given а very slight impulse at its free end, it starts toppling down about its lower end which does 
not slip find 

the normal reaction by the floor on the rod when the rod turned through an angle 0—53? 

the static friction between the floor and the rod. 


A uniform rod of length 2a is placed horizontally on a fixed thin horizontal rail at right angles to the rail and 
is released from rest. Initially the centre of the rod was at a distance a/3 from rail. Ifthe rod slips after it 
has turned through an angle 0 find the coefficient of friction between the rod and the rail. 


Auniform rod AB is bent in the shape of an arc of circle. Determine the 
angular acceleration of the rod immediately after it is released from rest and 
show that it is independent оЁВ. 





B 


Assume that the centre of mass ofa girl crouching ina light swing has been raised to 1.2m. The girl has 
her centre of mass is 3.7m from the pivot of the swing while she is in the crouched position. The swing is 
released from rest and at the bottom of the arc the girl stands up instantaneously, thus raising her centre 
of mass 0.6m. Find the height of her centre of mass at the top of the arc. 
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(0.25 ) Auniform ball of radius R rolls without slipping between two rails such that the horizontal distance is d 


0.26 


Q27/ 


@ 
Gi) 
ш) 
Q.28 


Q.29 


0.30 


between the two contact points of the rail to the ball. (a) Show that at any instant, velocity of centre of 
2 


mass 15 given as : v. =0 үк E 
= 3 


Discuss the above expression in the limits d=0 and d=2R. (b) For a uniform ball starting from rest and 


lOgh , 
decending a vertical distance h while rolling without slipping down a ramp, v. = E , ifthe ramp is 


replaced with two rails, show that : у = EP 


1 2 
S 


г 1-d?/4R? 


A plank of length 2L, leans vertically against a wall. It starts to slip 
downward without friction. Show that the top of the plank loses contact 
with the wall when it is at two-thirds ofits initial height 





A solid metallic cylinder of mass m = 1 kg and radius R = 20 cm is free to roll 

(without sliding) over the inclined surface of a wooden wedge of mass M = 0.28 kg. Cy P 
Surface of wedge is inclined at 37° with the horizontal and the wedge lies on a Ж 
smooth horizontal floor. When the system is released from rest, calculate 37 
acceleration ofthe wedge, 

angular acceleration ofthe cylinder and 

force of interaction between cylinder and the wedge . (g= 10 ms?) 


A uniform slender bar AB of mass m is suspended as shown from a Len. rd 
small cart ofthe same mass m. Neglecting the effect of friction, determine 
the acceleration of points A and B immediately after a horizontal force М; 
P has been applied at B. 








А solid spherical ball which rests in equilibrium at the interior bottom ofa fixed spherical globe is perfectly 
rough. the ball is struck a horizontal blow of such magnitude that the initial speed ofits centre is v. Prove 
that, if v lies between (10 dg/7)'? and (27 dg/7)'”, the ball will leave the globe, d being the difference 
between the radii of the ball and globe. 


A240 mm radius cylinder of mass 8 kg rests оп а 3 kg carriage. The system is at rest when a force P of 
magnitude 10 N is applied as shown for 1.2 s. Knowing that the cylinder rolls without sliding on the 
carriage and neglecting the mass of the wheels of the carriage determine the resulting velocity of (a) 

the carriage, (b) the center of the cylinder. 


P 
Каа 


ГТТТЇТТТТТТҮТТЇТТТТТТ 
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EXERCISE-III 


A uniform thin rod of mass M and length L is standing vertically along the y-axis on a smooth horizontal 
surface with its lower end at the origin (0,0). a slight disturbance at t=0 causes the lower end to slip on 
the smooth surface along the positive x axis and the rod starts falling (a) What is the path followed by the 
centre of mass of the rod during its fall (b) Find the equation of trajectory of a point on the rod located 
at a distancer from the lower end. What is the shape the of the path of this point. [JEE' 93] 


A block X of mass 0.5kg is held by along massless string on a frictionless inclined plane of inclination 
30° to the horizontal. The string is wound ona uniform solid cylindrical drum Y of mass 2kg and of radius 
0.2 mas shown in the fig. The drum is given an initial angular velocity such that the block X starts moving 
up the plane. 

Find thetension in the string during the motion 

Ata certain instant of time the magnitude ofthe angular velocity of Y is 
10rad/sec. Calculate the distance travelled by X from that instant of 





timeuntil it comes to rest. [JEE' 94] 

Two uniform thin rods A and B oflength 0.6m each and masses 00.01kg and 0.02kg 

respective are rigidly joined and to end. The combination is pivoted at the lighter end P P 
as shown in fig. such that it can freely rotate about the point P in a vertical plane. A small A 


object of mass 0.05kg moving horizontally hits the lower end ofthe combination and 
sticks to it. What should be the velocity ofthe object so that the system could just be 
raised to the horizontal position. [JEE' 94] 


o> 


Two point masses of 0.3kg and 0.7kg are fixed at the ends ofa rod whichis of length 1.4m and of 
negligible mass. The rod is set rotating about an axis perpendicular to its length with a uniform angular 
speed. The point on the rod through which the axis should pass in order that the work required for 


rotation of the rod is minimum is located at a distance of [ЈЕЕ 95] 
(A) 0.42 from the mass of 0.3kg (B) 0.70 m from the mass of 0.7kg 
(C) 0.98m from the mass of 0.3kg (D) 0.98m from the mass of 0.7kg 


A rectangular rigid fixed block has a long horizontal edge. A solid homogeneous 
cylinder of radius R is placed horizontally at rest with its length parallel to the 
edge such that the axis ofthe cylinder and the edge ofthe block arein the same 
vertical plane as shwon in figure. there is sufficient friction present at the edge so 
that a very small displacement cause the cylinder to roll ofthe edge without 
slipping. Determine 

the angle. through which the cylinder rotates before it leaves contact with the edge, 
the speed ofthe centre of mass ofthe cylinder before leaving contact with the edge, and 

the ratio of the translational to rotational kinetic energies of the cylinder when its centre of mass is in 





horizontal line with the edge. [JEE' 95] 

A mass m moving with a constant velocity along a line parallel to the x axis, away from the origin. Its 
angular momentum with respect to the origin. [JEE 97] 

(A) is zero (B) remains constant 

(C) goes on increasing (D) goes on decreasing 


A uniform disk of mass m and radius R is rolling up a rough inclined plane which makes an angle of 30° 
with the horizontal. If the coefficient of static and kinetic friction are each equal to u and the only forces 
acting are gravitational and frictional, then the magnitude of the frictional force acting onthediskis____ 
anditsdirectionis _ (write up or down) the inclined plane. [JEE' 97] 
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А uniform disk of mass m and radius В is projected horizontally with velocity v, on a rough horizontal 
floor so that it starts off with a purely sliding motion at t=0. After t, seconds it acquires a purely rolling 
motion as shown in figure. 


Calculate the velocity ofthe centre of mass ofthe disk at t,. i NA N 
Assuming the coefficient of friction to be p calculate t,. Also calculate aw ie T 
the work done by the frictional force as a function of time and the total 

work done by it over a time t much longer than t,. [JEE' 97] 


Two thin circular disks of mass 2kg and radius 10cm each are joined by a rigid massless rod of length 
20cm. The axis ofthe rod is along the perpendicular to the planes ofthe disks through their centre. The 
object is kept on a truck in such a way that the axis ofthe object is horizontal and perpendicular to the 
direction of motion of the truck. Its friction with the floor of the truck is large enough so that the object 
can roll on the truck without slipping. Take x-axis as the direction of motion of the truck and z -axis as the 
vertically upwards direction. Ifthe truck has an acceleration of 9m/s? calculate : 

the force of friction on each disk A 

The magnitude and the direction ofthe frictional torque acting on each disk | L | 
about the centre of mass O ofthe object. Express the torque in the vector form 2 


of unit vectors in the x-y and z directions. EE 97] А 


Arod of weight w is supported by two parallel knife edges А апа В is in equilibrium ш a horizontal 
position. The knives are at a distance d from each other. The centre of mass of the rod is at a distance x 
from А. The normal reaction on Ais ^X and onB is [JEE' 97] 


A symmetric lamina of mass M consists ofa square shape witha semicircular 4 
section over each ofthe edge ofthe square as in fig. The side ofthe square is 2a. 

The moment of inertia of the lamina about an axis through its centre of mass and 
perpendicular to the plane is 1.6Ма?. The moment of inertia of the lamina about 

the tangent АВ in the planeoflaminais 00 [JEE' 97] 





Let I be the moment of inertia ofa uniform square plate about an axis AB that passes through its centre and 
is parallel to two ofits sides. CD is a line in the plane of the plate that passes through the centre of the plate 
and makes an angle 8 with AB. The moment ofinertia of the plate about the axis CD is then equal to 

(A) I (В) I sin? (С) Ісов%9 (D) Icos?(8/2) [JEE' 98] 


Thetorque т onabody about a given point is found to be equal to A xI, where А is aconstant vector 
and L is the angular momentum of the body about that point. From thisitfollowsthat [JEE' 98] 

(A) dL, dt is perpendicular to Г, at all instants of time 

(B) the components of [, inthe direction of A does not change with time 

(C) the magnitude of [, does not change with time 

(D) L does not change with time 

Auniform circular disc has radius R and mass m. A particle also of mass m is fixed 
at a point А on the wedge of the disc as in fig. The disc can rotate freely about a 
fixed horizontal chord PQ that is at a distance R/4 from the centre C ofthe disc. 
The line AC is perpendicular to PQ. Initially the discis held vertical with the point 
A at its highest position. It is then allowed to fall so that it starts rotating about PQ. 
Find the linear speed of the particle at it reaches its lowest position. [JEE' 98] 





A cubical block of side a is moving with velocity v on a horizontal smooth 


plane as shown. It hits a ridge at point O. The angular speed of the — 

block after it hits O is: E 
(A) 3v/4a (B) 3v/2a TITITTTITITI 
(С) 43v / 42a (D) zero [JEE' 99] 
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Asmooth sphere A is moving оп а frictionless horizontal plane with angular speed o and centre of mass 
velocity v. It collides elastically and head on with an identical sphere B at rest. Neglect friction everywhere. 
After the collision, their angularspeeds аге o, and о, respectively. Then [JEE' 99] 

(А) о. < о, (В) о, =0, (Со, = 0 (D) o,=0 
A disc of mass M and radius R is rolling with angular speed w on a 
horizontal as shown. The magnitude of angular momentum of the disc 





about the origin O is: [JEE' 99] 

(A) (1/2)MR?o (B) MR?o 

(C) (3/2)MR?o (D) 2MR’o 

A man pushes a cylinder of mass m, with the help of a plank of mass Each 


/ Xm, 


m, as shown. There is no slipping at any contact. The horizontal 
component ofthe force applied by the manis F. Find 

the accelerations of the plank and the center of mass ofthe cylinder, and | TITITITITITITITITITTTT 
the magnitudes and directions of frictional forces at contact points. [JEE' 99] 


A cubical block of side L rests on a rough horizontal surface with coefficient of 

friction и. A horizontal force Е is applied on the block as shown. Ifthe coefficient > 

of frictionis sufficiently high so that the block does not slide before toppling, the 
minimum force required to topple the block is: [JEE'(Scr)’2000] 

(A) infinitesimal (B) mg/4 (C) mg/2 (D) mg(1-) 

A thin wire of length L and uniform linear mass density р is bent into a 

circular loop with centre at O as shown. The moment ofinertia of the 


loop about the axis ХХ? is: [JEE'(Scr)’2000] 

(A) pL?/817? (B) pL?/167? (C) SpL?/161? | (D) Зрі//8л: 

An equilateral triangle ABC formed from auniform wire has two small identical Чу 
beads initially located at AO. Then, the beads are released from rest > 
simultaneously and allowed to slide down, one along AB and the other АС ; | ў | 


as shown. Neglecting frictional effects, the quantities that are conserved as | 
the beads slide down, аге: [JEE(Scr)2000] 5 П. 20.9 
(А) angula velocity and total energty (kinetic and potential) 

(B) total angular momentum and total energy 

(C) angular velocity and moment of inertia about the axis of rotaiton. 

(D) total angular momentum and moment of inertia about the axis of rotation. 

Arod AB of mass M and length L is lying on a horizontal frictionless surface. A particle of mass m 
travelling along the surface hits the end 'A' of the rod with a velocity v, in the direction perpendicular to 
AB. The collision is completely elastic. After the collision the particle comes to rest. 
Find the ratio m/M . 

Apoint P on the rod is at rest immediately after the collision. Find the distance AP. 
Find the linear speed of the point P at atime xL/(3v,) after the collision. ПЕЕ 2000] 


A particle is placed at a corner P of a cube of side 1 meter. Forces of magnitudes 2, 3, and 5 kg. wt. act 
on the particle long the diagonals of the faces passing through the point P. Find the moment of these 
forces about the corner opposite to P. [REE 2000] 


One end ofa uniform rod of mass M and length L is supported by a frictionless hinge which can withstand 
a tension of 1.75 Mg. The rod is free to rotate in a vertical plane. To what maximum angle should the rod 
be rotated from the vertical position so that when left, the hinge does not break. [REE 2000] 


Auniformrod AB of length 10 meters and weight 6kg.wt. is resting with its end А on a smooth horizontal 

plane AD and end B ona smooth plane DB inclined at angle 60° with the horizontal. The rod is kept in 
equilibrium by tying a string DP to a point P of the rod. If the length of the string is equal to AP and 
AD = BD, find the tension in the string. [REE’2000] 
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Two heavy metallic plates are joined together at 90° to each other. A laminar sheet of mass 30 Kg is hinged 
at the line AB joining the two heavy metallic plates. The hinges are frictionless. The moment of inertia of the 
laminar sheet about an axis parallel to AB and passing through its centre of mass is 1.2 Kg-m?. Two rubber 
obstacles P and Q are fixed, one on each metallic plate at a distance 0.5 m from the line AB. This distance 
is chosen so that the reaction due to the hinges on the laminar sheet is zero during the impact. Initially the 
laminar sheet hits one of the obstacles with an angular velocity 1 rad/s and turns back. If the impulse on the 
sheet due to each obstacle is 6 N-s. 
Find the location of the centre of mass of the laminar sheet from AB. 7 
At what angular velocity does the laminar sheet come back after the FF 1 
first impact ? | | у 
After how many impacts, does the laminar sheet come to rest 7 

[JEE' 2001] 


One quarter sector is cut from a uniform circular disc of radius R. This sector 
has mass M. It is made to rotate about a line perpendicular to its plane and 
passing through the centre of the original disc, Its moment of inertia about the 
axis of rotation is [JEE(Scr)2001] 








(A) ZMR? (B) ; MR? (c) ма? (D) 5м 


Three particles A, B and C, each of mass m, are connected to each other by three 
massless rigid rods to form a rigid, equilateral triangular body of side 7. This body is 
placed on a horizontal frictionless table (x-y plane) and is hinged to it at the point A 
so that it can move without friction about the vertical axis through A (see figure). The 
body is set into rotational motion on the table about A with a constant angular velocity o. 
Find the magnitude of the horizontal force exerted by the hinge on the body. Е 

At time T, when the side BC is parallel to the x-axis, а force F is applied оп В along BC (as shown). 
Obtain thex-component and the y-component of the force exterted by the hinge on the body, immediately 
after time T. [JEE' 2002] 


A particle is moving in a horizontal uniform circular motion. The angular momentum of the particle is 
conserved about the point : [JEE(Scr)2003] 

(A) Centre ofthe circle (B) Outside the circle 

(C) Inside the circle (D) Point on circumference 


Two particles each of mass M are connected by a massless rod of length /. The rod | 
is lying on the smooth sufrace. If one of the particle is given an impulse MV as shown 

in the figure then angular velocity of the rod would be : [JEE'(Scr)2003] | 
(A) vil (В) 2у// (С) у/21 (D) None Mv | 
A disc is rolling (without slipping) оп a horizontal surface. C is its center and © and P are two points 
equidistant from C. Let Vp, Vo and Ус be the magnitude of velocities of points P, О and C respectively, 
then ПЕЕ 2004 (Scr)] 

(A) Vg? Vc? Vp (В) Vo < Vc € Vp 


1 
(O Ve Vp, Ve: (D) Vg<Vo> Vp 


ya 


Wt 


A child is standing with folded hands at the center of a platform rotating about its central axis. The kinetic 
energy of the system is K. The child now stretches his arms so that the moment of inertia of the system 
doubles. The kinetic energy of the system now is [JEE' 2004 (Scr)] 


(уак ei ©” (D)4K 
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Q.33 


0.34 


0.35 


0.36 


0.37 


0.38 


Ablock of mass m is held fixed against a wall by a applying a horizontal force Е. 
Which of the following option is incorrect: 

(A) friction force = mg (B) F will not produce torque 
(C) normal will not produce torque (D) normal reaction = F 





ШЕЕ 2005 (Scr)] 


R 
Adisc has mass 9m. A hole of radius % is cut from it as shown in the figure. 


The moment of inertia of remaining part about an axis passing through the centre 
'O' of the disc and perpendicular to the plane of the disc is: 





(A) 8 mR? (B) 4 mR? (C) = mR? (D) = mR? 


[JEE'2005 (Scr)] 
A particle moves in circular path with decreasing speed. Which of the following is correct 


(А) L is constant ^. J (В) only direction of L is constant 


(C) acceleration a is towards the centre (D) it will move in a spiral and finally reach the centre 
[JEE'2005 (Scr)] 


A wooden log of mass M and length Lis hinged by a frictionless nail at О. A 

bullet ofmass m strikes with velocity v and sticks to it. Find angular velocity of a 

the systemimmediately after the collision about O. и щщ. dà 
[JEE 2005] 


A cylinder of mass m and radius R rolls down an inclined plane of inclination Ө. Calculate the linear 
acceleration ofthe axis of cylinder. [JEE 2005] 


Two identical ladders, each of mass M and length L are resting on the rough 
horizontal surface as shown in the figure. A block of mass m hangs from P. If the AEN 
system is in equilibrium, find the magnitude and the direction of frictional force д \ 


at Aand B. ЕТ ^ 8 7А 
[ЈЕЕ 2005] А Б 
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EXERCISE-I 
mu’ sin’ Өсов0 [3 
0.1 = en 0.2 ү7 оһ 0.3 l6rv?/g 04 2% 
^h 
Q5 Sms 0.6 4F?M 97 of, 2 mar 08 eomm 
р 2mv.? = 
09 -- 0.10 2ma3r* Q.11 y Q.12 54/5 m/s 
12x 1 
' 5x 
Q.13 212 kg 1112/5, remains constant Q.14 E 0.15 2N 
28 5 
Q.16 = 0.17 209/3 0.18 = 019 14152 
=. i 
Q.20 = 0.21 2ms!,08N 0.22 Эсей N-mQ23 ут 
10 4n 
0.24 uMgL/4 Ons 5 ip cm 0.26 = 0.27 M(R^ry2 
а UN Lai Pad 4/37 437 
Q.28 $14 unu 273 0.29 SN 0.30 (а) 0/3, (b) пок, (с) в 
72 24mV 
oa ds пу т = 0.32 a/b? 
um 
Q.33 (a)t=—— ; (b)s= 0.34 0.3 m/s 
Q.35 e 056 T=1000/3N, Е = 800/3N, E 0.37 15 ft/sec 


0.38 T,=1750N;T,=1525N 0.39 (a)5m/s?-»,(b)0.3<h<15m 0.40 х-21/3 


EXERCISE-II 
Q.1 ба) 22 (cw) (b) - 03. (1 + 21) (ii) (а) 248/17 с (cw) (b) 12 g/17 4 (iii) (a) 2.4 g/c(cw) (b) 0.5 g V 


2m 1 2m 
0.2 9 (1422, AM -1mo R|: 2 0.3 3 rad/s, 9/7 m/s along horizontal 


0.4 (a) mb?/7, (b) — Q.6 CR 

07 1018 W Q.8 (a) E m/s, (b) = m 

Q9 (0) (а) 58/9 4 (b)gs (c)O (ii) @) = Е ту (b) g4 (с) 26 zem 

Q.10 та тез? 

022 = = (v2-1) 013  T=2mgsindcos6/(1+3sin26 ), o, = 6TsinG/ml 


РЕНА НИ 
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200 
0.14 [10,-4.75 m] w.rt. initial position of lower end of rod, 4 rad with upward vertical 
015 ()(a3g/L(cw) (b) (2217) g-1323g 491% (с) Есе g-218g 2-66.6% 


бі) (а) БЛ. (ою) ©) – (2) ei @-(Bi+j) в=13238 24-1309 





0.16 w,=200 rpm (ccw), wg = 300 rpm (cw) 0.17 8 rad/s’, g./2 m/s, 842 М 
Q18 @ t= 027.0) з= 2. ha on e 3] Q.19 2/3 
f3 v, 33 *— ^ / 

М 4mg 3mg 

— = 415 ке” аена д 
Е Qar сулау 
0.22 2tanO 0.23 g/2b 0.24 23m 
0.27 (03.75 таз 7, (ii) 30 rad вес ?, (iti) Normal reaction=5.75 №, friction=3.00N Interaction force = 6.49 М 
0.28 (a)2P/5m- a, > , a, = 16P/5m < 0.30 (a) 0.706 m/s — , (b) 1.235 m/s ^ 


EXERCISE-III 





m2 2 

Qi. x-0, ~— 4% р Q2. 1.63 М, 1.2241 Q3. 6.3m/s 

[и] г? 
04 C Q.5 (а)8.=соз" (4/7), (b) v= 44/7 gR , (c) Kr/Kg =6 
Q6. В 07  Mgsin0/3,up ©. 

= 1 1 
0.8 (i) 2v9/3, += vo /3ug, W= 213 mg*t?—2umegtv,] (t<t,), W=- eie v 
Q9. 6N, —0.6j£ 0.6k 010. w(d-x)/d, wx/d Q11. 4.8Ma? 
012 A Q.13 A,B,C 014. у= J5gR Q15. A 
Q16. C 017. C 
4Е 8Е 3m,F m,F 

ar (3m, * 8m5)* a, (m, +812)? Е (3m,+8m,)?2 (3m; +815) 
019. C 0.20 D 021. В 





Si qu ene Oe 23 JJ kgwtm 024 60° 
уаз (®х= S055 023 (7 амт 0. 


3 
Q.25 = Q26. (a) 1=0.1m; (b) м = Irad/s ; (c) laminar sheet will never come to rest 
Q27. A 0.28 (а) /3та%, (b) F, - F/4, Е = /3mo7 
Q.29 A 0.30 А 0.31 А 0.32 В Q.33 C 
" 3mv 2 _ 2gsinO 
Q.34 B Q.35 B Q.36 oF Gm«M)L Q.37 assis = ГЕР 


cotO 
0.38 f-(M-*m) PES 
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Q.22 


2026 


0.27 


0.28 


A particle of mass 0.1 kg is projected witha velocity 4/10 m/s making an angle of 30° with the horizontal 


in the xy plane. Find the moment of the weight of the particle about the point of projection when it is at 
one fourth ofits range. 


A solid cylinder is released from rest from the top of an inclined plane of inclination 60? where friction 


2-3х 
pt Find the distance travelled by the cylinder on incline 





coefficient varies with distance x as р = 
е 


before it starts slipping. 


A uniform rod placed on a horizontal floor and imparted an angular velocity about a vertical axis passing 
through its mid point. The mass of the rod is M, length L and friction coefficient with the surface is Н. 
Then, find the total retarding torque of friction forces. 


Four point masses 2 Ко, 4 kg, 6 kg & 8 Ке are placed at four corners of a square of side 10 cm. Find the 
radius of gyration of system about an axis passing through centre О and perpendicular to square plane . 


Two men, each of mass 75 kg, stand on the rim ofa horizontal large disc, diametrically opposite to each 
other. The disc has a mass 450 kg and is free to rotate about its axis. Each man simultaneously start along 
the rim clockwise with the same speed and reaches their original starting points on the disc. Find the 
angle turned through by the disc with respect to the ground. 


Find the moment of inertia of a disc of uniform thickness of mass M and internal and external radii r and 
R respectively about an axis through it centre perpendicular to the plane of the disc. 


A solid sphere of radius ЗВ, a solid disc of radius 2R and a ring of radius В (all are of mass m) roll down 
a rough inclined plane. Their acclerations are a,b and с respectively. Find the ratio of a/b and b/c. 


А uniform disc of radius 1m and mass 2kg is mounted on an axle supported on fixed frictionless bearings. 
A light cord is wrapped around the rim of the disc and a mass of 1kg is tied to the free end. If it is 
released from rest, then find the tension in the cord. 


A uniform disc of mass m and radius R rotates about a fixed vertical axis passing through its centre with 
angular velocity œ. A particle of same mass m and having velocity 2oR towards centre of the disc 
collides with the disc moving horizontally and sticks to its rim. Find 

the angular velocity ofthe disc. 

the impulse on the particle dueto disc. 

the impulse on the disc due to hinge. 


Arod AC oflength Land mass m is kept on a horizontal smooth plane. It is free to rotate and move. A 
particle of same mass m moving with velocity v strikes rod at point B whichis at a distance L/4 from mid 
point making angle 37? with the rod. The collision is elastic. After collision find А B c 
the angular velocity ofthe rod. eje < 
the distance which centre of the rod will travel in the time in which it makes half rotation. 

the impulse ofthe impact force. 


A person pulls along a rope wound up around a pulley with a constant forceF = 
for a time interval oft seconds. If a and аге the radii of the inner and the outer /; | \ 
| 


Lt 
8! 


circumference (a <b), then find the ratio of work done by the personinthetwo “и 


— 





cases shown in the figure 15 W/W.. 
Case J Case IT 
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Objective Ouestion Bank On Rotational Dynamics 





There are 82 questions in this question bank. 


0.1 


0.2 


0.3 


0.4 
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0.8 





Bansal Classes 


Three bodies have equal masses m. Body Ais solid cylinder of radius R, body В has a square lamina of 
side В, and body С has a solid spherte of radius R. Which body has the smallest moment of inertia about 
an axis passing through their centre of mass and perpendicular to the plane (in case of lamina) 

(A)A (B)B (СС (D) Aand С both 


A point mass m, is connected to a point mass mg by а massless rod of length Zas ^ В 
shown in the figure. It is observed that the ratio of the moment ofinertiaofthesystem | | 


about the two axes ВВ and АА, whichis parallel to each other and perpendiculartothe —— ж 
тд9------Ө mg 


I 
rod is i. =3. The distance of the centre of mass of the system from the mass А is 
(A) (3/4) 1 (В) (2/3) 1 A B 


(C)(1/2)1 (D) (1/4) 1 


A horizontal force F = mg/3 is applied on the upper surface of a uniform cube of mass ‘m’ and side ‘a’ 
which is resting on a rough horizontal surface having 1, = 1/2. The distance between lines of action of 
‘mg’ and normal reaction *N' is : 

(A) a/2 (B) a/3 (C) a/4 (D) None 


For the same total mass which ofthe following will have the largest moment ofinertia about an axis 
passing through its centre of mass and perpendicular to the plane ofthe body 

(A) a disc of radius а (В) a ring of radius a 

(C) a square lamina of side 2a (D) four rods forming a square of side 2a 


Astraight rod of length Lis released on a frictionless horizontal floor ina vertical position. As it falls + slips, 
the distance of a point on the rod from the lower end, which follows a quarter circular locus is 

(A) L/2 (B) L/4 (C) L/8 (D) None 

A block of mass m is attached to a pulley disc of equal mass m, radius 
т Бу means of a slack string as shown. The pulley is hinged about its 
centre on а horizontal table and the block is projected with aninitial / ( . ) / 
velocity of 5 m/s. Its velocity when the string becomes taut will be / E) РА / 
(A)3 m/s (B) 2.5 m/s 

(C) 5/3 m/s (D) 10/3 m/s 

Find the moment of inertia of a plate cut in shape of a right angled 


triangle of mass M, side AC = BC = a about an axis perpendicular to 
the plane of the plate and passing through the mid point of side AB 














2 2 : > C B 
Ma‘ Ma‘ Ма“ 2Ма* 
= (B) — (С) — (D) — 
12 6 3 3 
x= 
А тап сап move оп a plank supported symmetrically as shown. The A B 
variation of normal reaction on support A with distance x of the man 4 
from the end of the plank is best represented by : im 4m Tm 
N N N j N 
Ж” | М. | / а. 
(А) (В) ^ (C) NL AID) 





x x X 
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A uniform rod of mass m and length / hinged at its end is released from rest when it is in the horizontal 
position. The normal reaction at the hinge when the rod becomes vertical is : 

Mg 3Mg 5Mg 
(A) > (В) -5 (py (D)2Mg 
Two particles of mass m each are fixed at the opposite ends of a massless rod of length 5m which is 
oriented vertically on a smooth horizontal surface and released. Find the displacement of the lower mass 
on the ground when the rod makes an angle of 37? with the vertical. 
(А)1.5т (B) 2m (C)2.5m (D) 3.5m 


A small bead of mass m moving with velocity v gets threaded on a stationary semicircular 
ring of mass m and radius R kept on a horizontal table. The ring can freely rotate about 
its centre. The bead comes to rest relative to the ring. What will be the final angular 





velocity of the system? 
(A) v/R. (B) 2у/К 
(C) v/2R (D)3v/R 


A sphere of mass m is held between two smooth inclined walls. The normal reaction 
ofthe wall 2 is equal to 

(A) mg (B) mg sin 74? 

(C) mg cos 74? (D) None 





ABCD is a square plate with centre O. The moments of inertia ofthe 
plate about the perpendicular axis through O is I and about the axes 1, 
2,3 &4are І, L, I. & I, respectively. It follows that : 

(А) L=I, (В)1=1, +I, 

(C) I=L, +], (D) 1, =], 





A body weighs 6 gms when placed in one pan and 24 gms when placed on the other pan of a false 
balance. Ifthe beam is horizontal when both the pans are empty, the true weight of the body is : 


(A) 13 gm (B) 12 gm (C) 15.5 gm (D) 15 gm 
A particle starts from the point (0m, 8m) and moves with uniform velocity of y 
31 m/s. After 5 seconds, the angular velocity of the particle about the origin " —™s 
will be : б x 
(A) кл rad/s (B) Е rad/s (C) 24. rad/s (D) 18. rad/s 

289 8 289 17 


A hinged construction consists of three rhombs with the ratio of sides 5:3:2. Vertex A, moves in the 
horizontal direction at a velocity v. Velocity of A, is 


(А)2.5У (В) 1.5У 





(С) іу (D)0.8 V 


Ablock of mass m moves on a horizontal rough surface with initial velocity v. The height ofthe centre of 
mass ofthe block is h from the surface. Consider a point A on the surface. 

(A) angular momentum about A is mvh initially 

(B) the velocity ofthe block decreases at time passes. 

(C) torque of the forces acting on block is zero about A 

(D) angular mometum is not conserved about A. 
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A rod of weight w is supported by two parallel knife edges A and B and is in equilibrium in a horizontal 
position. The knives are at a distance d from each other. The centre of mass of the rod is at a distance x 
from A. 


Wx м(а-х 
(A) the normal reaction at Ais ЗЕҢ (В) the normal reaction at Ais "0 

WX w(d-x 
(C) the normal reaction at B is P (D) the normal reaction at B is аю 


Two spheres are rolling with same velocity (for their C. M.) their ratio of kinetic energy is 2: 1 & radius 
ratio is 2 : 1, their mass ratio will be : 


(A) 2:1 (B) 4:1 (C) 8:1 (D) 242 :1 


Three identical thin rods each of mass m & length / are placed along x, y & z-axis respectively they are 
placed such that, one end of each rod is at origin 'O' . Then moment of inertia of this system about z-axis 
is 


mf’ 
4 


m @)2®® (С) mP (D) 





(A) 





Two identical circular loops are moving with same kinetic energy one rolls & other slides. Theratio of 
their speed is : 


(A) 2:3 (B) 2: 42 (C) 42 :2 (D) V5: уз 
A paritcle falls freely near the surface of the earth. Consider a fixed point O (not vertically below the 
particle) on the ground. 


(A) Angular momentum ofthe particle about O is increasing . 

(B) Torque ofthe gravitational force on the particle about O is decreasing. 
(C) The moment of inertia of the particle about O is decreasing . 

(D) The angular velocity of the particle about O is increasing. 


A yo-yo is resting on a rough horizontal table. Forces Е, F, and F} are applied 
separately as shown. The correct statement is 

(A) when F, is applied the centre of mass will move to the right. 

(B) when F, is applied the centre of mass will move to the left. 

(C) when Е, is applied the centre of mass will move to the right. Tan ^ 
(D) when F, is applied the centre of mass will move to the right. 





A block with a square base measuring axa and height h, is placed on an inclined plane. The coefficient of 
friction is m. The angle of inclination (Ө) ofthe plane is gradually increased. The block will 


a a 

(A) topple before sliding if u > h (B) topple before sliding if u < h 
a 
(C) slide before toppling if p > т (D) slide before toppling if u < a 


Inner and outer radii of a spool are r and R respectively. A thread is wound 

over its inner surface and placed over a rough horizontal surface. Thread is 

pulled by a force F as shown in fig. then in case of pure rolling 

(A) Thread unwinds, spool rotates anticlockwise and friction act leftwards а 
(В) Thread winds, spool rotates clockwise and friction acts leftwards 

(C) Thread winds, spool moves to the right and friction act rightwards 

(D) Thread winds, spool moves to the right and friction does not come into existence. 


ЕЕ ОНИ ЕН 
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Adisc of circumference s is at rest at a point Aon a horizontal surface when 


а constant horizontal force begins to act оп its centre. Between A and В Ж. 

there is sufficient friction to prevent slipping, and the surface is smooth to ( ЕЕ, 
the right of В. АВ = s. The disc moves from A to B in time T. To the right \ 2 

of B, A B 


(A) the angular acceleration of the disc will disappear, linear acceleration will remain unchanged 
(B) linear acceleration of the disc will increase 

(C) the disc will make one rotation in time T/2 

(D) the disc will cover a distance greater than s in further time T. 


А weightless rod is acted on by upward parallel forces of 2N and 4N ends A and В respectively. The 
total length ofthe rod AB = 3m. To keep the rod in equilibrium a force of 6N should actin the following 
manner: 

(A) Downwards at any point between A and B. 

(B) Downwards at mid point of AB. 

(C) Downwards at a point C such that AC = Im. 

(D) Downwards at a point D such that BD = Im. 


A wheel ofradiusr rolling on a straight line, the velocity of its centre being v. At a certain instant the point 
of contact of the wheel with the grounds is M and N is the highest point on the wheel (diametrically 
opposite to M). The incorrect statement is: 

(A) The velocity of any point P of the wheel is proportional to MP. 

(B) Points ofthe wheel moving with velocity greater than v form a larger area ofthe wheel than points 
moving with velocity less than v. 

(C) The point of contact M is instantaneously at rest. 

(D) The velocities of any two parts ofthe wheel which are equidistant from centre are equal. 


A small object is attached to a light string which passes through a hollow tube. The tube is held by one 
hand and the string by the other. The object is stet into rotation in a circle of radius r,. The string is then 
pulled down, shortening the radius ofthe circle to r,. The ratio of the new kinetic energy to original 
kinetic energy is 


2 2 
5 п D 
(A)z (В)! (о |= о) [2 
4 2 1 
Consider a sphere of mass ‘m’ radius ‘R’ doing pure rolling motion on а rough surface having velocity 
Vo as shown in the Fig. It makes an elastic impact with the smooth wall and moves back and starts pure 
rolling after some time again. 


(A) Change in angular momentum about *O' in the entire motion equals 2mv,R in magnitude. 
(B) Moment of impulse provided by the wall during impact about О equals 2mv;R in magnitude. 


a 
(C) Final velocity of ball will be 7 Vo 


(D) Final velocity of ball will be — 25 


Two rods of equal mass m and length / Не along the x axis and y axis with their centres origin. What 
isthemoment finertia of both about the line x=y : 


m/? mi? mi? m/2 
B)—— C)—— D) = 
3 (B) Я (С) T (D) E 





(A) 
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A plank with a uniform sphere placed onit, rests on a smooth horizontal жт-- 
plane. Plank is pulled to right by a constant force Е. If the sphere does | 
not slip over the plank. 

(A) acceleration of centre of sphere is less than that of the plank 

(B) acceleration of centre of sphere is greater than the plank because 

friction acts rightward on the sphere 

(C) acceleration of the centre of sphere may be towards left. 

(D) acceleration of the centre of sphere relative to plank may be greater than that of the plank relative to 
floor. 


A hollow sphere of radius R and mass M is fully filled with water of mass т. It is rolled down a horizontal 
plane such that its centre of mass moves with a velocity v. If it purely rolls 


5 
(A) Kinetic energy of the sphere is < mv? 
о 


4 
(В) Kinetic energy of the sphere is E mv? 

« © 
(C) Angular momentum ofthe sphere about a fixed point on ground is 3 mvR 


14 
(D) Angular momentum ofthe sphere about a fixed point on ground is Es mvR 


Portion AB of the wedge shown in figure is rough and BC is smooth. A solid ,( ) 

cylinder rolls without slipping from Ato B. The ratio oftranslational kinetic 

energy to rotational kinetic energy, when the cylinder reaches point C is : 

(A) 3/4 (B)5 

(C) 7/5 (D) 8/3 А 
Two equal masses each of mass М are joined by a massless rod of length L. Now an impulse МУ is 
given to the mass M making an angle of 30° with the length of the rod. The angular veloctiy of the rod just 
after imparting the impulse is 


2 0° 
(A) т (B) 7" jd 


у 
(С) 2L (D) none of these. 


A thin uniform straight rod of mass 2 kg and length 1 mis free to rotate about Из иррег ^ 2 


end when at rest. It receives an impulsive blow of 10 Ns at its lowest point, normal to its 
length as shown in figure. The kinetic energy of rod just after impact is 
(A) 75 J (В) 100 J (C) 200 J (D) none D 


A man, sitting firmly over a rotating stool has his arms streched. If he folds his arms, the work done by the 
man 15 


(A) zero (B) positive 
(C) negative (D) may be positive or negative. 
A disc of radius r is rotating about its centre with an angular speed oj, It is gently placed on a rough 
horizontal surface. After what time it will be in pure rolling ? У 

Opt QO of Oot 3 бог ~ E 
AUS B) бу Пт Жан Pus. 17 
(A) 5 ug (В) зе © ug (0) 2 hg отит 


€——— ———————————— ив QM ЗЕ 
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А plank of mass М is placed over smooth inclined plane and a sphere is 


А 5 mlong pole of 3 kg mass is placed against a smooth vertical wellas 2 
shown in the figure. Under equilibrium condition, ifthe pole makes an angle 2 
of 37° with the horizontal, the frictional force between the pole and horizontal 2 
surface is 





(A) 20 N (B)30N 

(C) 20 uN (D) 30 LN 

Two points ofa rigid body are moving as shown. The angular velocity қ в 

of the body is: ы 
А me B > (C 29 р 29. ^ ^ 

(A) зв (B) à ) R (D) зв R 


also placed over the plank. Friction is sufficient between sphere and 
plank. Ifplank and sphere are released from rest, the frictional force on 
sphere is: 

(A) up the plane (B)downtheplane ^ (C)horizontal (D) zero E 


Two uniform rods of equal length but different masses are rigidly joined to form 
an L-shaped body, which is then pivoted as shown. If in equilibrium the body is 
in the shown configuration, ratio M/m will be: 


(A)2 (B)3 (С) /2 (D) 43 





In the figure shown, the plank is being pulled to the right with a constant speed v. If the cylinder does not 
slip then: 


(A) the speed ofthe centre of mass of the cylinder is 2v. R 

(B) the speed ofthe centre of mass ofthe cylinder is zero. 

(C) the angular velocity of the cylinder is v/R. у 
(D) the angular velocity of the cylinder is zero. 


A plank with a uniform sphere placed on it rests on a smooth horizontal plane. Plank is pulled to right by 
a constant force Е. If sphere does not slip over the plank. Which of the following is incorrect. 

(A) Acceleration of the centre of sphere 15 less than that of the plank. 

(B) Work done by friction acting on the sphere is equal to its total kinetic energy. 
(C) Total kinetic energy of the system is equal to work done by the force F 


) 


Е 
(D) None of the above 

Moment of inertia of a rectangular plate about an axis passing through P апа Р Q 
perpendicular to the plate is I. Then moment of PQR about an axis perpendicular 

to the plane ofthe plate: “<. 

(A) about P = 1/2 (B) about В = 1/2 5 R 
(С) about P > 1/2 (D) about R > 1/2 


А год oflength /is given two velocities у, and v, in opposite directions at its two ends at right angles to 
the length. The distance of the instantaneous axis of rotation from v, 15: 


Vi vl 
(A) zero (B) v: +v l (C) vi +¥; 








(D) //2 
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Q.47 


0.48 


0.49 


0.50 


0.51 


0.52 


0.53 


0.54 


А ball of mass m moving with velocity v, collide with the wall elastically as 
shown in the figure. After impact the change in angular momentum about P is: 





(A) 2 mvd (В) 2 туа cos8 (С) 2 туа sin Ө (D) zero 

Auniform rod AB of length L and mass М is lying on a smooth table. A small à 
particle of mass m strike the rod with a velocity v, at point C at a distance x m_Yo с 
from the centre О. The particle comes to rest after collision. The value of x, so 4 {х 
that point A of the rod remains ststionary just after collision is: 

(A) L/3 (B) L/6 (C) L/4 (D)L/12 A 


Two particles of equal mass m at A and B are connected by a rigid light rod AB lying on a smooth 
horizontal table. An impulse J is applied at A in the plane of the table and perpendicular at AB. Then the 
velocity of particle at A is: 


J J 21 
(А) Ad (B) ie (C) = (D) zero 


A time varying force F = 2t is applied on a spool as shown in figure. The angular кен 
momentum of the spool at time t about bottommost point is: f 
R 


242 В 2 
gt (К гу 2 (O(R*DÉ (р) datais insufficient | 


(B) 


Aring of mass т and radius R has three particles attached to the ring as SOF 
shown in the figure. The centre of the ring has a speed v}. The kinetic | 
energy of the system is: (Slipping is absent) 


(A) 6mvg (В) 12 mv? 





(С) 4 ту? (D) 8 mv; 


A particle of mass 2 kg located at the position (1+ j) m has a velocity 2 (+1-]+К) m/s. Its angular 


momentum about z-axis in kg-m^/s is: 
(A)zero (B) +8 (C) 12 (D)-8 


The linear speed of a uniform spherical shell after rolling down an inclined plane of vertical height h from 
rest, is: 


10gh 4gh 6gh 
(A) ү (B) Jb OF ex (D) J2gh 


A right triangular plate ABC of mass m is free to rotate in the vertical plane 


about a fixed horizontal axis through A. It is supported by astring suchthatthe А B 
side AB is horizontal. The reaction at the support A is: | 

mg 2mg mg 4 
(A) > (В) --- (C) > (D) mg 
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0.55 


0.56 


0.57 


0.58 


0.59 


0.60 


0.61 


0.62 


A uniform sphere of radius К is placed on a rough horizontal surface and given 
a linear velocity v, angular velocity о as shown. The sphere comes to rest after C 
moving some distance to the right. It follows that: 

(A) у, = ФК (B) 2v = 5aR 


> Я 
(C) 5v, = 2e,R (D) 2v, o,R i nad 


A particle is moving in a circular orbit of radius г, with an angular velocity о, . It jumps to another 
circular orbit of radius г, and attains an angular velocity œ, . Іг, = 0.5 г, and assuming that no external 
torque is applied to the system, then the angular velocity œ, is given Бу: 

(А) о,-4о, (B) œ~ =3 0, (C) о,-2о, (D) ®,=®, 


Let I,, І, and I, be the moment of inertia of a uniform square plate 
about axes AOC, xDx' and уВу respectively as shown in the figure. 
The moments of inertia of the plate I, : 1, : I, are in the ratio. 





1 12x 2 i 
(!:5:7 (В) 1:5: 
үйде. D)1:7:7 
(©) 1: 15 : 75 (0)1:7: 


A solid uniform disk of mass m rolls without slipping down a fixed inclined plane with an acceleration a. 
The frictional force on the disk due to surface of the plane is : 
(A) 2 ma (B) 3/2 ma (C) ma (D) 1/2 ma A 


Auniform solid disc is rolling on a horizontal surface. At a certain instant B is the 

point of contact and Ais at height 2R from ground, where R is radius of disc. 

(A) The magnitude of the angular momentum of the disc about B is thrice that about A. 
(B) The angular momentum of the disc about A is anticlockwise. 

(C) The angular momentum of the disc about B is clockwise 

(D) The angular momentum of the disc about A is equal to that about B. 


Ifa person sitting on a rotating stool with his hands outstretched, suddenly lowers his hands, then his 
(A) Kinetic energy will decrease (B) Moment of inertia will decrease 
(C) Angular momentum will increase (D) Angular velocity will remain constant 


А manis sitting іп a smooth groove on a horizontal circular table at the edge 
by holding a rope joined to the centre. The moment ofinertia of table is I. 
Mass of man = M. Man now pulls the rope so that he comes to the centre. 
The angular velocity ofthe table : 

(A) must increase (B) may increase 

(C) must decrease (D) may decrease 


A sphere of mass M and radius К is attached by alight rod oflength1to 
a point P. The sphere rolls without slipping on a circular track as shown. 
Itisreleased from the horizontal position. the angular momentum ofthe 
system about P when the rod becomes vertical is : 





(A) Mal [+R] (B) М — gl ік 
7 [elon bapa 
110 7 
(С) M4 gl ! “к (D) none of the above 
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Q.63 In an experiment with a beam balance on unknown mass m is balanced by two known mass m is 
balanced by two known masses of 16 kg and 4 kg as shown in figure. 














ттт 
L1 LJ 4% 


The value of the unknown mass m is 
(A) 10 kg (B)6 kg (C) 8 kg (D) 12 kg 


0.64 Athinuniform rod of mass M and length L has its moment of inertia I, about its perpendicular bisector. 
The rod is bend in the form of a semicircular arc. Now its moment of inertia through the centre ofthe 
semi circular arc and perpendicular to its plane is I. The ratio of, : I, will be 
(А)<1 (B)>1 (C)=1 (D) can’t be said 


Q.65 А body kept on а smooth horizontal surface is pulled by a constant horizontal force applied at the top 
point of the body. Ifthe body rolls purely on the surface, its shape can be : 
(A) thin pipe (В) uniformcylinder (С) uniform sphere (D) thin spherical shell 


Q.66 A particle of mass mis projected with a velocity и making an angle 45? with the horizontal. The magnitude 
of the torque due to weight of the projectile, when the particle is at its maximum height, about a point at 





u 
atime 7 25. 0n the trajectory 18: 
3 1 1 
(А) mu? (В) 7 mu? (С) 4 mu? (D) = mv? 


0.67 А год is hinged at its centre and rotated by applying a constant torque starting from rest. The power 
developed by the external torque as a function of time is : 


P ext А Pext Text Р хі 
(А) | A (В) | са (С) | (D) 
time time time 


time 


Q.68 Тһе moment ofinertia of semicircular plate of radius К and mass M 
about axis AA’ in its plane passing through its centre is 
MR? MR‘ МЕ“. МЕ: 
(в) — cos” Ө (C) — —sin* Ө (D) - 

















(A) 


0.69 A pulley is hinged at the centre and a massless thread is wrapped around it. The thread is pulled with a 
constant force F starting from rest. As the time increases, 
(A) its angular velocity increases, but force on hinge remains constant 
(B) its angular velocity remains same, but force on hinge increases ® 
(С) its angular velocity increases and force on hinge increases 
(D) its angular velocity remains same and force on hinge is constant 


F 


0.70 Ifa cylinder is rolling down the incline with sliding. 
(A) after some time it may start pure rolling 
(B) after sometime it will start pure rolling 
(C) it may be possible that it will never start pure rolling 
(D) none of these 
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0.71 


0.72 


0.73 


0.74 


0.75 


0.76 


0.77 


0.78 


Q.79 


A horizontal force Е = mg/3 is applied on the upper surface of a uniform cube of mass ‘m’ and side ‘a’ 
which is resting on a rough horizontal surface having 1, = 1/2. The distance between lines of action of 
*mg' and normal reaction *N' is: 


(A) a/2 (B) a/3 (C) a/4 (D) None 

B 
Auniform rod AB of length Land mass M is lying on a smooth table. A small т Ур с 
particle of mass т? strike the rod with a velocity v, at point C a distance x from f 
the centre O. The particle comes to rest after collision. The value of x, so that О 
point A of the rod remains stationary just after collision, is : 
(A) L/3 (B) L/6 
(С) L/4 (D)L/12 A 
Auniform cube of side ‘b’ and mass M rest on a rough horizontal table. A 
horizontal force F is applied normal to one ofthe face at a point, at a height 
3b/4 above the base. What should be the coefficient of friction (и) between eR 
cube and table so that is will tip about an edge before it starts slipping? b 3b/4 

2 1 3 

(A) u> 5 (B)u»z (©)и> 5 (D) none 77лтттттт 
A homogeneous cubical brick lies motionless on arough inclined surface. en А 
The half of the brick which applies greater pressure on the plane is : ae 
(A) left half (B) right half neem 
(C) both applies equal pressure (D) the answer depend upon coefficient of friction 


A body weighs 6 gms when placed in one pan and 24 gms when placed on the other pan of a false 
balance. Ifthe beam is horizontal when both the pans are empty, the true weight of the body is : 
(A) 13 gm (B) 12 gm (C) 15.5 gm (D) 15 gm 


In the triangular sheet given PQ = QR =/. IfM is the mass of the sheet. р l b 
What is the moment of inertial about PR à 


Mi? мі MP? МАЕ 
a= В): = 
(А) "4 (B)— (OPE (D) —- ) 





А slender uniform rod of length £ is balanced vertically at a point P on a horizontal surface having some 
friction. If the top ofthe rod is displaced slightly to the right, the position ofits centre of mass at the time 
when the rod becomes horizontal : 

(A) lies at some point to the right of P (B) lies at some point to the left of P 

(C) must be 7/2 to the right of P (D) liesat P 


А solid sphere with a velocity (of centre of mass) v and angular velocity о is gently placed оп а rough 
horizontal surface. The frictional force on the sphere: 

(A) must be forward (in direction of v) (B) must bebackward (opposite to v) 

(C) cannot be zero з (D) none of the above 


A ball is attached to an end of a light inextensible string, the other end of which is fixed at the origin. The 
ball moves in vertical x-y plane where x is along horizontal and y along vertical. At the top ofits trajectory, 
it's velocity is ,/51 m/s. The angular velocity vector when ball is at the bottom of the trajectory is : 
[length of string = 0.5 m] 

(A) 10 k rad/s (В) J5k rad/s (С) 5 | rad/s (D)- 10k rad/s 





G Bansal Classes Objective Question Bank On Rotational Dynamics [11] 


Q.80 


0.81 


0.82 


01 
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о 
Q.16 
Q.21 
Q.26 
0.31 
0.36 
0.41 
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Moment of inertia of a thin semicircular disc (mass = M & radius =R) about an axis through point О and 
perpendicular to plane of disc, is given by : 





(A) = MR? (B) = MR? (C) < MR? 


Moment of inertia of a semicircular ring of radius R and mass M ; about an axis passing through A and 
perpendicular to the plane of the paper is Ж 


2 5 R 
(A) = MR? (B) MR? (С) 2 MR? (D) 2MR? TU 


Which ofthe following statements are correct. 

(A) friction acting on a cylinder without sliding on an inclined surface is always upward along the incline 
irrespective of any external force acting on it. 

(B) friction acting on a cylinder without sliding on an inclined surface is may be upward may be downwards 
depending on the external force acting on it. 

(C) friction acting on a cylinder rolling without sliding may be zero depending on the external force acting 
onit. 

(D) nothing can be said exactly about it as it depends on the friction coefficient on inclined plane. 


ANSWER KEY 


B 02 D Q3 B Q4 D 05 B 
D Q7 B Q8 B Q9 С 0.10 A 
C 0.12 А 013 ABCD 014 В 0.15 C 
р 0.17 АВ,р 018 B,C 0.19 А 0.20 В 
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B Q47 B Q48 B Q49 B 0.50 C 
A 0.52 D 0.53 C 0.54 B Q55 C 
A 0.57 D 0.58 D Q.59 A,B,C Q.60 B 
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B 0.72 B 0.73 A 0.74 А 0.75 B 
В 0.77 А 0.78 D 0.79 D 0.80 B 
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EXERCISE-I 
A body is in SHM with period T when oscillated from a freely suspended spring. Ifthis spring is cut in 
two parts of length ratio | : 3 & again oscillated from the two parts separately, then find the periods are 
T, & T, then T,/T,. 
The system shown in the figure can move on a smooth surface. The spring is initially compressed by 6 cm 
and then released.Find 
time period of sum 


amplitude of 3 kg block 
maximum momentum of 6 kg block 





A body undergoing SHM about the origin has its equation is given by x = 0.2 cos 5ті. Find its average 
speed from t = 0 to t — 0.7 sec. 

A bead of mass m is fixed at the centre of the string of length L fixed at both the ends in a gravity free 
space. The tension in the string is T. If the bead is displaced slightly from it's position in a direction 
perpendicular to the string then find the period of small oscillation about the mean position. 


If velocity ofa particle moving along a straight line changes sinusoidally with time as shown in the given 
graph, its average velocity over time interval t=0 to t-2(2n — 1) seconds, n being any +уе integer. will be 





The acceleration-displacement (a — x) graph of a particle executing simple 
harmonic motion is shown in the figure. Find the frequency of oscillation. 





Two particles A and B execute SHM along the same line with the same amplitude a, same frequency and 
same equilibrium position О. If the phase difference between them is ф = 2 sin! (0.9), then find the 
maximum distance between the two. 


A block of mass 0.9 kg attached to a spring offorce constant K is lying on 
a frictionless floor as shown in the figure. The spring is compressed to 4/2 


cm and the block is at a distance | / 1/2 cm from the wall. When the block чить | 


is released, it makes elastic collision with the wall and its period of motion оттто 
is 0.2 sec. Find the approximate value of K. ТАР cn 


Two blocks А (5kg) and B(2kg) attached to the ends ofa spring constant 1120N/m are placed оп a 
smooth horizontal plane with the spring undeformed. Simultaneously velocities of 3m/s and 


10m/s along the line of the spring in the same direction are imparted to A and B then 
3m/s 10m/s 


find the maximum extension of the spring. 
when does the first maximum compression occurs after start. 





A block of mass 100gm attached to a spring of spring constant 100N/m is lying 
on a frcitionless floor as shown. The block is moved to compress the spring by 
10cm and then released. If the collisions with the wall in front are elastic then find 
the time period ofthe motion. 





A particle is performing SHM with accleration a = 8 л? — 4 л? x where x is coordinate of the particle 
w.r.t. the origin. The parameters are in S.I. units. The particle is at rest at x = —2 at t — 0. rind coordinate 
of the particle w.r.t. origin at any time. 
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Q.12 


Q.13 


Q.14 


Q.15 


Q.16 


Q.17 
() 
(i) 
(ii) 
Q.18 


Two identical rods each of mass m and length L, are rigidly joined and then suspended in a i 
vertical plane so as to oscillate freely about an axis normal to the plane of paper passing 
through ‘S’ (point of supension). Find the time period of such small oscillations. 


A body A of mass m, = 1 kg anda body B of mass m, =4 kg are attached to the ends of 
aspring. The body A performs vertical simple harmonic oscillations of amplitude а-1.5 cm 
and angular frequency œ = 25 rad/s. Neglecting the mass of the spring determine the 
maximum and minimum values of force the system exerts on the surface on which it rests. 
[Take g = 10 m/s?] 


Consider a fixed ring shaped uniform body of linear mass density p and radius R. A particle at the centre 
of ring is displaced along the axis by a small distance, show that the particle will execute SHM under 
gravitation ofring & find its time period neglecting other forces. 





Assume that a tunnel is dug across the earth (radius = R) passing through its centre. Find the time a 
particle takes to reach centre of earth if it is projected into the tunnel from surface of earth with speed 
needed for it to escape the gravitational field of earth. 


A force f = — 10x + 2 acts on a particle of mass 0.1 kg, where 'k' isin m and Е in newton. If it 
is released from restat x = —2 т, find: 
(a) amplitude ; (b) time period ; (c) equation of motion. 


Potential Energy (U) ofa body ofunit mass moving in a one-dimension conservative force field is given 
by, U = (x? - 4x + 3). All units are in S.I. | 

Find the equilibrium position of the body. 

Show that oscillations of the body about this equilibrium position is simple harmonic motion & find its 
time period. 

Find the amplitude of oscillations if speed of the body at equilibrium position is 2 v6 m/s. 


A spring of force constant k is cut into two parts whose lengths are in the ratio 1 : 2. The two parts are 
now connected in parallel and a block of mass m is suspended at the end of the combined spring. Find 
the period of oscillation performed by the block. 


Q.19(a) Find the time period of oscillations of a torsional pendulum, if the torsional constant of the wire is 


(b) 


Q.20 


0.21 


0.22 


О.23 


K 7 10z?J/rad. The moment of inertia of rigid body is 10 kg m? about the axis of rotation. 


A simple pendulum of length / = 0.5 m is hanging from ceiling ofa car. The car is kept on a horizontal 
plane. The car starts accelerating on the horizontal road with acceleration of 5 m/s’. Find the time period 
of oscillations of the pendulum for small amplitudes about the mean position. 


Two springs of same spring constants are arranged as shown in figure . 
A block of mass m strikes one of the spring with velocity v . Find the K e—a [kt 
period of oscillation of the block. 


The resulting amplitude A' and the phase of the vibrations 6 


A т\_ А А 2n 
S = Acos(wt) + = <05) ot с 2 90519 +n) + —cos| ot TE =А'соз(о1+ д) аге апа 


о / 


| . respectively. 


A body is executing SHM under the action of force whose maximum magnitude is SON. Find the 
magnitude of force acting on the particle at the time when its energy is half kinetic and half potential. 


The motion ofa particle is described by x = 30 ѕіп(лї + 7/6), where x is in cm and t in sec. Potential 
energy ofthe particle is twice of kinetic energy for the first time after t= 0 when the particle is at position 
after time. 
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Q.24 


0.25 


0.1 


0.2 
оз 


0.4 


@ 
(1) 
(ii) 


Q.5 


(a) 
(c) 


Q.6 


Q.7 
(a) 


(b) 
Q.8 


The figure shows the displacement - time graph of a particle executing 
SHM. If the time period of oscillation is 2s, then the equation of motion 
is given by x = 


A simple pendulum has a time period Т = 2 sec when it swings freely. The 
pendulum is hung as shown in figure, so that only one-fourth of its total 
length is free to swing to the left of obstacle. It is displaced to position A and 
released. How long does it take to swing to extreme displacement B and 
return to A? Assume that dispalcement angle is always small. В 9 OA 

| | EXERCISE-II 
A point particle of mass 0.1kg is executing SHM with amplitude of 0.1m. When the particle passes 
through the mean position, its К.Е. is 8 х 10?J. Obtain the equation of motion of this particle if the initial 
phase of oscillation is 45°. 





The particle executing SHM in a straight line has velocities 8 m/s, 7 m/s, 4 m/s at three points distant one 
metre from each other. What will be the maximum velocity ofthe particle? 


At the momentt- 0 a particle starts moving rectilinearly so that it’s velocity varies as v-25cosnt cm/s 
where t is expressed in seconds. Find the distance that this particle covers during t= 2.80 s after the start. 


One end ofan ideal spring is fixed to a wall at origin O and the axis of spring is parallel to x-axis. A block 
of mass m = 1 kg is attached to free end ofthe spring and it is performing SHM. Equation of position 
of block in coordinate system shown is x = 10 + 3sin10t, t is in second and x in cm. Another block of 
mass M = 3kg, moving towards the origin with velocity 30cm/c collides with the block performing SHM 
at t=: 0 and gets struck to it, calculate : - 

new amplitude of oscillations. 5 С Г E ін 

new equation for position of the combined body. ; 

loss of energy during collision. Neglect friction. 


A mass M is in static equilibrium on a massless vertical spring as shown in the ? 
figure. A ball of mass m dropped from certain height sticks to the mass M after м 4 + 
colliding with it. The oscillations they perform reach to height 'a' above the original ‘tao № 
level of scales & depth 'b' below it. Т өз T 
Find the constant of force of the spring., (b) Find the oscillation frequency. Ду "n | 
What is the height above the initial level from which the mass т was dropped ? 





A particle of mass m moves on a horizontal smooth line AB of length a such that when particle is at any 
general point P on the line two forces act on it. A force mg(AP)/a towards: А and another force 
2mg(BPYA towards B. Show that particle performs SHM on the line when left from rest from mid-point 
ofline AB. Find its time period and amplitude. Find the minimum distance ofthe particle from B during 
the motion. If the force acting towards A stops acting when the particle is nearest to B then find the 
velocity with which it crosses point B. 


Therod AB of mass M is attached as shown to a spring of constant K. HE 


А small block of mass m is placed on the rod at its free end A. 2 

ifend A is moved down through asmall distance d and released, fer ч E 
determine the period of vibration. 
determine the largest allowable value of d ifthe block m is to remain at all times in contact with the rod. 


B k m 





Two blocks A(2kg) and B(3kg) rest up on a smooth horizontal surface 
are connected by a spring of stiffness 120 N/m. Initially the spring is 


undeformed. A is imparted a velocity of 2m/s along the lineofthe spring 24 m: 
away from B. Find the displacement of A t seconds later. 
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Q.9 


(a) 
(b) 
(с) 


0.10 


(i) 
(ii) 
9.1 


0.12 


0.13 


0.14 


0.15 


0.16 


Two identical balls A and В each of mass 0.1 kg аге attached to two identical massless springs. The 
spring mass system is constrained to move inside a rigid smooth pipe in the form ofa circle as in fig. The 
pipe is fixed in a horizontal plane. The centres of the ball can move in а circle of radius 0.06m. Each 
spring has a natural length 0.067 m and force constant 0.1 N/m. Initially both the balls are displaced by an 
angle of = 7/6 radian with respect to diameter PQ of the circle and released from rest 
Calculate the frequency of oscillation of the ball B. 

What is the total energy of the system. 

Find the speed of the ball A when A and B are at the two ends of the 
diameter PQ. 









$ 
CX 
ІІ ~~ ж 





A rectangular tank having base 15cm x 20cm is filled with water (p = 1 000kg/m?) 
upto 20cm height. One end of an ideal spring of natural length І, = 20cm and force 
constant k = 280N/m is fixed to the bottom ofa tank so that spring remains vertical. 
This system is in an elevator moving downwards with acceleration a = 2m/s?. А 
cubical block of side / = 10cm and mass m = 2kg gently placed over the spring and 
released gradually, (as shown) 

Calculate compression ofthe spring in equilibrium position. 

If block is slightly down from equilibrium position and released calculate the frequency ofits vertical oscillations. 





An ideal gas is enclosed ina vertical cylindrical container and supports a freely moving piston of mass m. The 
piston and the cylinder have equal cross-sectional area A, atmospheric pressure is P, and when the piston is 
in equilibrium position. Show that the piston executes SHM and find the frequency of oscillation (system is 
completely isolated from the surrounding). y= Cp/Cv. Height ofthe gas in equilibrium positionis h. 


Find the angular frequency ofthe small oscillations ofthe cylinder of mass M AA K 
containing water of mass m. The spring has a constant K and cylinder executes Ne М 
pure rolling. What happens when the water in the cylinder freezes? X s) 
A massless rod is hinged at O. A string carrying a mass m at one end is 
attached to point A on the rod so that OA = a. At another point B 
(OB- b) ofthe rod, a horizontal spring of force constant k is attached 
as shown. Find the period of small vertical oscillations of mass m around 


its equilibrium position. What can be the maximum amplitude of its 
oscillation so that its motion may remain simple harmonic. 





Being a punctual man, a lift operator hung an exact pendulum clock on the lift wall to know ће end of the 
working day.The lift moves with an upwards and downwards accelaration during the same time (according 
to the stationary clock on the ground), the magnitudes ofthe accelarations remain unchanged. Will the 
operator finish his working day in time, or will he work more(less) than required 


Two elastic strings obeying hooks law each ofunstretched length /, each has one end attached to a particle 
ofmassm lying on smooth horizontal floor . The other ends ofthe string are attached at points A & B which 
are ata distance 3 / apart. Each would be doubled in length by a tension 2 mg. The particle is held at rest 
x 42 e 


cc. ТА 
— + ІП” = 


3 Y7 


у 
at А and then released. Show that after released that particle first reaches B а time |- 


Vel 








A body A of mass m is connected to a light spring s, of spring constant k . At the 
right of 'A’ there is a second light spring s, of spring constant 5 К and having a 
massless vertical pan (P) attached to its free end as shown in the figure . Distance 
between the pan and the block when both the springs are in the relaxed position 
15 /. Body Ais moved by 3/ distance to left from the configuration of static 
equilibrium and then released. What is the period of oscillation of the body ? 
What is the maximum force experienced by the body A? 
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EXERCISE-III 


An object of mass 0.2 kg executes SHM along the x-axis with frequency of (25/1) Hz. At the point 
х =0.04m the object has KE 0.5 J and PE 0.4 J. The amplitude ofoscillationis —— — . 
[JEE 94] 

A body of mass 1 kg is suspended from a weightless spring having force constant 600N/m. Another 
body of mass 0.5 kg moving vertically upwards hits the suspended body with a velocity of 3.0m/s and 
get embedded in it. Find the frequency of oscillations and amplitude of motion. [REE" 94] 


State whether true or false 
“Two simple harmonic motions are represented by the equations 


x, = 5sin[2nt + 1/4] and x, =5 1/2 (sin2nt + cos2nt) their amplitudes are in the ratio 1 : 2" 
[REE’ 96] 


A block is kept on a horizontal table. The table is undergoing simple harmonic motion of frequency 3117 
in a horizontal plane. The coefficient of static friction between block and the table surface is 0.72. Find 
the maximum amplitude ofthe table at which the block does not slip on the surface. [REE" 96] 


A particle of mass m is executing oscillations about the origin on the x-axis. Its potential energy is 
V(x) = Кх} where К is a positive constant. Ifthe amplitude of oscillations is a, then its time period T is 


(A) proportional to 1/ va (B) independent ofa 
(C) proportional to Va (D) proportional to а?? [JEE 98] 


A particle free to move along the x-axis has potential energy given by 

U(x) = k[1-exp(-x?)] for— <x < +оо, where К is a positive constant of appropriate dimensions. Then 
(A) at point away from the origin, the particle is in unstable equilibrium. 

(B) for any finite nonzero value of x, there is a force directed away from the origin. 

(C) ifits total mechanical energy is k/2, it has its minimum kinetic energy at the origin. 

(D) for small displacements from x = 0, the motion is simple harmonic. ІЛЕЕ: 99] 


Three simple harmonic motions in the same direction having the same amplitude a and same period are 
superposed. If each differs in phase from the next by 45°, then 


(A) the resultant amplitude is (1+ v 2 Ja 
(B) the phase of the resultant motion relative to the first is 90°. 


(C) the energy associated with the resulting motion is (3 + 242 )times the energy associated witha y 
single motion. 
(D) the resulting motion is not simple harmonic. [JEE’ 99] 


The period of oscillation of simple pendulum of length L suspended from the roof ofa vehicle which 
moves without friction down an inclined plane of inclination ot is given by [JEE 2000] 
TE 


oh [L ! 
І- 2т.! 
gsma (© vg = у gtana 











: | 
2T, Zn 

diei rr NA 

A bob of mass M is attached to the lower end of a vertical string of length L and cross sectional area A. 


The Young's modulus of the material of the string is Y. If the bob executes SHM in the vertical direction, 


find the frequency of these oscillations. [REE 2000] 
A particle executes simple harmonic motion between x =—A and x = +A. The time taken for it to go 
from 0 to A/2 is T, and to go from A/2 to A is T,. Then [JEE (Scr) 2001] 
(A) T, « T, (B) T,» T, (C) T. т. (D) T= 215 


ЕВ ansal Classes Simple Harmonic Motion ІНІ 














9.11 


0.12 


0.13 


(а) 
(b) 


Q.14 


Q.15 


Q.16 


A diatomic molecule has atoms of masses m, and m,. The potential energy of the molecule for the 
interatomic separation ris given by V(r) - —A + B(r—r,), where r, is the equilibrium separation, and A 
and B are positive constants. The atoms are compressed towards each other from their equilibrium 


positions and released. What is the vibrational frequency of the molecule? [КЕЕ 2001] 
A particle is executing SHM according to y = a cos ot. Then which of the graphs represents variations 
of potential energy : | [JEE (Scr)’ 2003] 





(A) @) & (Ш) (В) (II) & (IV) 
(C) (D & (IV) (D) (ID & (Ш) 


Two masses m, and m, connected by a light spring of natural length /, is compressed completely and 
tied by astring. This system while moving with a velocity v, along by x-axis pass through the origin at 
t=0. At this position the string snaps. Position of mass m, at time t is given by the equation. 

x; (t) = va t-A (1 – cosot) 
Calculate : 
Position of the particle m, as a function of time. 
lj interms of A. [JEE 2003] 


A block P of mass m is placed ona frictionless horizontal surface. Another block О of same mass is kept 
on P and connected to the wall with the help ofa spring of spring constant К as shown in the figure. u, is 
the coefficient of friction between P and Q. The blocks move together performing SHM of amplitude A. 
The maximum value of the friction force between P and Q is k 


$559 Q| м. 
А)КА В Ка. smooth 
( ) ( ) 2 177 7 Vill) 


(C) zero (D) umg [JEE' 2004] 


A simple pendulum has time period T,. When the point of suspension moves vertically up according to 
the equation y = kt? where К = 1 m/s? and ' is time then the time period of the pendulum is T, then 





I 
d is [JEE' 2005 (Scr)] 


Un | A 


4x | tA 


(В) == (C*) (D) 


A small body aitached to one end ofa vertically hanging spring is performing SHM 
about it's mean position with angular frequency œ and amplitude a. If at a height y* from 
the mean position the body gets detached from the spring, calculate the value of y* so 


: 


109009: 


that the height H attained by the mass is maximum. The body does not interact with the Dr 
spring during it's subsequent motion after detachment. (aw? > g). 


[JEE 2005] 
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EXERCISE-I =. 
Q1 1/3 Q2 (а) E sec, (b) 4 cm, (c) 2.40 kg m/s. Q3 2ms Q4 Т-л {= 
0.5 UE Q.6 A 4 ір 0.7 18а 0.8 100 Мт! 0.9 (а) 25cm, (b) 3л/56 seconds 
} (Оп 1) SP US À ! 4 
17L 2nR* 
Q.10 0.133 sec. 0.11 2-4cos2nt 0.12 2 0.13 60М,40М 0.14 | 
18g \ Gp 


11 Л 11 
Q.15 Tess (Js hr mr Q.16 5 m. (b) z sec., (c) x -02- | eosot 


0.17 (i)x, 2m; (ii) T= ,/2 x sec.; (iii) 2/3 0.18  T=22V(2m/9k) 


m 26 


2 m 345A RES 
Q.19 (a)2sec, (b) T= 2/4 sec 0.20. элй + Q.21 bw tan СЭ 0.22 2542 М 
= Y HE 


we Чай 1 
Q.23 1046 ст, , 9 BEL 0.24 х= 10іп (лі + л/6) 0.25 2 sec 


EXERCISE-II 
01  y-0.Isin4t- 7/4) 02 J65 m/s Q.3s-0.4m 0.4 3cm, х= 10 — 331156 AE = 0.1351 








M+m) ab 1 2mg 
ЕТ ЕСЕЛЕЙ естен 

қуалар RIS ) m /b-a’ 2r \ (6-а)(М+т) 
R /М+3т R^(M 43m 

0.6  T-2rnJa/3g, A- a/6, a/6, 1/6,/2ag Q7 T- QR. Em у, кыы 
bY ЗК 3Kb- 

| ) Н 532 
Q.8 0.8t+0.12 sin 104 Q.9 f=- Е-фек10 7]; v2nx 107 m/s 0.10 x=4cm.f=——: 
a fal jy(P, +mg/A)A DL | K 4 Be 
9. 2x Y mh Q. хай i Р Y (4M+3m) 
0.13 (27a/b)(m/k)'”, a’mg/b’k Q.14 works more 


0.16 (m/k) л-2віп (1/3) (m/6k)'?[n-2sin' (1/7)];F. 


тпах 


ЕХЕКСІЅЕ-ПІ 
Q.10.06m 09.2 10/7 Hz, 5cm 0.3Т Q.42cm О.5А 060 ОЛА,С Q.8A 


о 10 A и 27 пы 12 А 
" 27 ҮМІ, Q. 9. | 2B(m; +m)) 9. 
merme. 
0.13 (а) ук+ 1 Al- cos ot), (b) „= E “| 0.14 В 0.15 С 0.16 y*= ge <a 
m; 
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Time Limit : 2 Sitting Each of 90 minutes. duration approx. 


Objective Ouestion Bank On Simple Harmonic Motion 
There are 53 questions in this question bank. 


Q.1 Two particles arc in SHM on same straight line with amplitude A and 2A and with same angular frequency 
о. It is observed that when first particle is at a distance A/ /2 from origin and going toward mean 


position, other particle is at extreme position on other side of mean position. Find phase difference 
between the two particles 
(A) 45° | _ (В)90° | (С) 135° (D) 180° 

0.2  Aparticle is executing SHM of amplitude A, about the mean position x = 0. Which of the following 
cannot be a possible phase difference between the positions of the particle at x = + A/2 and 


=- А/У2. 
(A) 75? (В) 165° (С) 135° (D) 1959 
0.3  Findtheratio of time periods of two identical springs if they are first joined in series & then in parallel 
& amass mis suspended from them : 
(A)4 (B)2 (C) 1 (D)3 
0.4  Asimple harmonic motion having an amplitude A and time period T is represented by the equation : 
y=5sinn(t+4)m 
Then the values of A (in m) and T (in sec) are : 
(А)А=5,Т=2. (B)A=10;T=1 (C)A=5;T=1 (0) A=10;T=2 
0.5 A particle is subjected to two mutually perpendicular simple harmonic motions such that its x and 
y coordinates are given by 


x=2sinot ; y= 2а [9+7 


The path of the particle will be : 
(A) an ellipse (B) a straight line (C) a parabola (D) a circle 


Q.6  Inanelevator, a spring clock oftime period T, (mass attached to a spring) and a pendulum clock oftime 
period T, are kept. Ifthe elevator accelerates upwards 


(A) T, well as Tp increases (В) T, remain same, T, increases 
(C) T, remains same, T, decreases (D) T, as well as T, decreases 
Q.7 A manis swinging опа swing made of2 ropes of equal length L and in LLL 
direction perpendicular to the plane of paper. The time period ofthe % L /7 
small oscillations about the mean position is NN и L 
pay 24 Be L W 
( ) 20 үл, (В) 2x Y 2g 
LL. E 
(C) 2x (2.2 (D) x Ve 


Q.8 Two bodies P & О of equal mass are suspended from two separate massless springs of force constants 
k, & k, respectively. If the maximum velocity of them are equal during their motion, the ratio of 
amplitude of P to Qis: 

kı Ik» 
(А) к, (B) үү, 





к, [к 
Ox (D) yk; 


@ Bansal Classes Question Bank On Simple Harmonic Motion ІЗІ 


0.9 


0.10 


011 


0.12 


0.13 


0.14 


0.15 


0.16 


0.17 


0.18 


The magnitude of the force acting оп а particle of mass m during its motion in х-у plane according to the 
х = азїп © y=bcos ої, where а, b and o are constants is 


(А) шо? )х?+у? (В) то үх2+у2 | (C)meG?*y) (Р) ma? (x+y) 

Speed v ofa particle moving along a straight line, when it is at a distance x from a fixed point on the line 
is given by v? = 108 - 9x? (all quantities in S.I. unit). Then 

(A) The motion is uniformly accelerated along the straight line 

(B) The magnitude of the acceleration at a distance 3 cm from the fixed point is 0.27 m/s?. 


(С) The motion is simple harmonic about x= „12 m. 

(D) The maximum displacement from the fixed point is 4 cm. 

A particle performing SHM is found at its equilibrium at t = 1sec. and it is found to have a speed of 
0.25 m/s att = 2 sec. If the period of oscillation is 6 sec. Calculate amplitude of oscillation 


2 > 
3 


E 3 
4n үз (©) T € (D) 8л 





3 
(А) тм (В) 


The displacement ofa body executing SHM is given by x =A sin (271 + 7/3). The first time from t = 0 
when the velocity is maximum is 
(A) 0.33 sec (B) 0.16 sec (C) 0.25 sec (D) 0.5 sec 


The maximum acceleration of a particle in SHM is made two times keeping the maximum speed to be 
constant. It is possible when 

(A) amplitude of oscillation is doubled while frequency remains constant 

(B) amplitude is doubled while frequency is halved 

(C) frequency is doubled while amplitude is halved 

(D) frequency is doubled while amplitude remains constant 


The potential energy of a simple harmonic oscillator of mass 2 kg in its mean position is 5 J. If its total 
energy is 9J and its amplitude is 0.01 т, its time period would be 
(A) 7/10 sec (B) 1/20 sec (C) 1/50 sec . (D) 1/100 sec 


А 2 Kg block moving with 10 m/s strikes a spring of constant д? N/m attached to 2 Kg block at rest 
kept on a smooth floor. The timefor which rear moving block remain in contact with spring will be 


=> 10m/s 


Ж. 1 
(А) 4/2 sec (B) Vz 8 ЕЗ аар 
l 
(C) 1 sec (D) = sec 
In the above question, the velocity of the rear 2 kg block after its separates from the spring will бе: 
(A)0 m/s (B) 5 m/s (C) 10 m/s (D) 7.5 m/s 
Two particle execute SHM with amplitude A and 2A and angular frequency о and 2 respectively. At 
2n 
t =0 they starts with some initial phase difference. At t = 3: They are іп same phase. There initial phase 
difference is : 
T 2n 4n 
(А) = (В) 7. (О) > (D) х 


А plank with a small block on top of it under going vertical SHM. Its period іп 2 sec. The minimum 
amplitude at which the block will separate from piston is : 
2 


10 e 20 т 
(А) p (B) 35 (C) 2: (D) 15 
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A particle starts oscillating simple harmonically from its equilibrium position then, the ratio of kinetic 
energy and potential energy of the particle at the time T/12 is : (T = time period) 
(А)2:1 (В)3:1 (С)4:1 (0) 1:4 


Time period of a particle executing SHM is 8 sec. At t= 0 it is at the mean position. The ratio of the 
distance covered by the particle in the 1st second to the 2nd second 15: 


1 E 1 
E (B) J2 © (D) /2--1 


^ 
Va 7 





(A) 


Two particles are in SHM with same angular frequency and amplitudes A and 2A respectively along 
same straight line with same mean position. They cross each other at position A/2 distance from mean 
position in opposite direction. The phase between them is : 


5 v tah ым 5 fa 41/1 
ew) ei- ©) el) 


A systemis oscillating with undamped simple harmonic motion. Then the 
(A) average total energy per cycle ofthe motion is its maximum kinetic energy. 


1 
(B) average total energy per cycle of the motion is E times its maximum kinetic energy. 


1 
(C) root mean square velocity is Тісі times its maximum velocity 
(D) mean velocity is 1/2 of maximum velocity. 


A particle executing a simple harmonic motion of period 2s. When it 15 at its extreme displacement from 
its mean position, it receives an additional energy equalto what it had inits mean position. Due to this , 
in its subsequent motion, 


(A) its amplitude will change and become equal to ,/2 times its previous amplitude 


(В) its periodic time will become doubled i.e. 45 

(C) its potential energy will be decreased 

(D) it will continue to execute simple harmonic motion of the same amplitude and period as before 
receiving the additional energy. 


The amplitude of the vibrating particle due to superposition of two SHMs, 
y, = sin fot + 2 and y, -sinot is : 
2 / 


(A) 1 (В) V2 (С) 43 (D) 2 


A particle of mass m performs SHM along a straight line with frequency f and amplitude А. 
(A) The average kinetic energy of the particle is zero. 
(В) The average potential energy is m x?£ А2. 
(C) The frequency of ocillation of kinetic energy is 2f. 
(D) Velocity function leads acceleration by 7/2. 
2 
The angular frequency of motion whose equation is 4 m + 9y = 015 (у = displacement and t = time) 





9 4 3 2 
(А) т (В) = (C) 7 (D) = 
The time taken by a particle performing SHM to pass from point A to B where its velocities are same is 


2 seconds. After another 2 seconds it returns to B. The time period of oscillation is (in seconds) 
(А)2 ‚ (B)8 . (С)6 (D) 4 
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A block is placed on a horizontal plank. The plank is performing SHM along a vertical line with amplitude 
of 40cm. The block just loses contact with the plank when the plank is momentarily at rest. Then: 

(A) the period ofits oscillations is 27/5 sec. 

(В) the block weighs on the plank double its weight, when the plank is at one of the positions of momentary 
rest. 

(C) the block weighs 1.5 times its weight on the plank halfway down from the mean position. 

(D) the block weighs its true weight on the plank, when velocity of the plank is maximum. 


A linear harmonic oscillator of force constant 2 х 105Nm'! and amplitude 0.01 m has a total mechanical 
energy of 160 J. Its 

(A) maximum potential energy is 100 J (B) maximum kinetic energy is 100 J 

(C) maximum potential energy is 160 J (D) minimum potential energy is zero. 


A body executes SHM whose period is 16s. Two seconds after it passes the equilibrium position, 
its velocity is Ims !. The amplitude of SHM is 
(A)6.3m (B) 1.8m (C)3.6m (D) 2.4m 


The displacement-time graph of a particle executing SHM is shown. y 
Which of the following statements is/are true? 

(A) The velocity is maximum at t = T/2 

(В) The acceleration is maximum at t= T 

(C) The force is zero at t= 3Т/4 

(D) The potential energy equals the oscillation energy at t= T/2. 





The potential energy of a particle of mass 0.1kg, moving along x-axis, is given by U = 5x(x-4)J where 
х isin metres. It can be concluded that 

(A) the particle is acted upon by a constant force. 

(B) the speed of the particle is maximum at x = 2 m 

(C) the particle executes simple harmonic motion 

(D) the period of oscillation of the particle is 7/5 s. 


A mass of 0.2kg is attached to the lower end of a massless spring of force-constant 200 N/m, the upper 
end of which is fixed to a rigid support. Which of the following statements is/are true? 

(A) In equilibrium, the spring will be stretched Бу 1cm. 

(B) Ifthe mass is raised till the spring is unstretched state and then released, it will go down by 2cm 
before moving upwards. 

(C) The frequency of oscillation will be nearly 5 Hz. 

(D) If the system is taken to the moon, the frequency of oscillation will be the same as on the earth. 


A particle is executing SHM with amplitude A, time period T, maximum acceleration a, and maximum 
velocity уу. Its starts from mean position at t-0 and at time t , it has the displacement 
A/2, acceleration a and velocity v then 

(A) t=T/12 (B) a=a,/2 (C) v=v,/2 (D) t=T/8 

Two blocks of masses 3 kg and 6 kg rest on a horizontal smooth 
surface. The 3 kg block is attached to a spring with a force constant 
к = 900 Nm! whichis compressed 2 m from beyond the equilibrium 
position. The 6 kg mass is at rest at 1m from mean position.3kg mass 





strikes the 6 kg mass and the two stick together. EM 
(A) velocity ofthe combinedmasses immediately after the collision is 10 ms'! lg. dP о 
ктр 


(B) velocity of the combined masses immediately after thecollision is 5 ms'! 
(С) Amplitude of the resulting oscillation is V2 m 
(D) Amplitude of the resulting oscillation is 5/2 m. 
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Vertical displacement of a plank with a body of mass 'm' on it is varying according to law 
y=sin at + 3 cos at. The minimum value of o for which the mass just breaks off the plank and the 
moment it occurs first after t = 0 are given by: ( y is positive vertically upwards) 


вт во ‚ Га т [2 „Бе 42% 
276 Jg “» 4273 үв © ү2з g Е 


А ring of diameter 2m oscillates as a compound pendulum about a horizontal axis passing through а 
point at its rim. It oscillates such that its centre move in a plane which is perpendicular to the plane of the 
ring. The equivalent length of the simple pendulum is 

(A) 2m (В) 4m (C) 1.5m (D) 3m 


The amplitude ofa particle executing SHM about O is 10cm. Then: 
(A) When the К.Е. is 0.64 of its max. К.Е. its displacement is бст from О. 
(B) When the displacement is 5 cm from О its K.E. is 0.75 of its тах.РЕ. 


(A) 


`(C) Its total energy at any point is equal to its maximum К.Е. 


(D) Its velocity is half the maximum velocity when its displacement is half the maximum displacement. 


The displacement of a particle varies according to the relation x =3 sin 100t + 8 cos? 50t . Which of the 
following is/are correct about this motion. 

(A) the motion of the particle is not 5.Н.М. 

(B) theamplitude of the S.H.M. ofthe particle is 5 units 


(C) the amplitude of the resultant S.H. M. is J73 units 
(D) the maximum displacement of the particle from the origin is 9 units . 


A spring mass system preforms S.H.M. Ifthe mass is doubled keeping amplitude same, then the total 

energy of S.H.M. will become : 

(A) double (B) half (С) unchanged = (Б) 4 times 

The graph plotted between phase angle (ф) and displacement of a particle from >| 

equilibrium position (y) is a sinusoidal curve as shown below. Then ће best |/^| 

matching is dr крш ж? 
ColumnA Column B | 





К.Е. versus phase angle curve 


PE. versus phase angle curve 


Т.Е. versus phase angle curve 


Velocity versus phase angle curve 





(A) @)-@), (Б)-(іі), (с)-(ш) & (4)-(іу) (B) (a)-(ii), (6)-(і), (c)-Gii) & (d)-Gv) 
(С) (а)-(і), (6)-@), (c)-(iv) & (d)-Gii) WD) (a)-Gi), (b)-(iit), (с)-(іу) & (9)-(1) 
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Aliquid of mass m is oscillating with time period T in a U-tube of area of cross-section A. Ifthe liquid is 
placed in another tube of A/4 cross section area then the time period will be 

(A)T (B)2T (С) T/2 (D) none of these 

Two particles are in SHM ina straight line. Amplitude A and time period T of both the particles are equal. 
At time t=0, one particle is at displacement y,= +A and the other at y,=—A/2, and they are approaching 
towards each other. After what time they cross each other ? 

(А) T/3 (B) T/4 (C) 5T/6 (D) T/6 
Time period of small oscillation (in a vertical plane normal to the plaen of strings) W 
ofthe bob in the arrangement shown will be: 


(A) 2x |; (В)2л He 


8 
|У21 21 
(C) 27 te (D) 2n.|— 


A particle performs SHM in а straight line. In the first second, starting from rest, it travels a distance а 
and in the next second it travels a distance b in the same direction. The amplitude of the SHM is: 








2a-b 2a* 
C 
(%) 3a-b 


In the figure, the block of mass m, attached to the spring of stiffness k is in contact with the completely 
elastic wall, and the compression in the spring is 'e'. The spring is compressed further by 'e' by displacing 
the blocktowards left and is then released. Ifthe collision between the block and the wall is completely 
elastic then the time period of oscillations of the block will be: 








(A) a—b (B) (D) none of these 


za 
3 





2n im im 

(A Ex (B) 2n | 
CES г: 

с) И E (р) = үш; 
(О түк 6Vk 


The potential energy of a harmonic oscillator of mass 2 kg in its mean position is 5J. If its total energy is 
9J, and its amplitude is 0.01 m, its time period would be: 
(A) (1/100)s (В) (7/50) (С) (1/20)s (D) (т/10)8 


The angular frequency of a spring block system is o. This system is suspended from the ceiling of an 
elevator moving downwards with a constant speed v. The block is at rest relative to the elevator: Lift is 
suddenly stopped. Assuming the downwards as a positive direction, choose the wrong statement: 


(A) The amplitude of the block is Es 
(B) The initial phase of the block is л. 


Vo 
(C) The equation of motion for the block is an sin Wot. 
(i 


(D) The maximum speed of the block is vp. 


Two pendulums have time periods T and 5T/4. They start SHM at the same time from the mean position. 
After how many oscillations ofthe smaller pendulum they will be again in the same phase: 


(А)5 (В) 4 (С) 11 (р)9 
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In SHM, acceleration versus displacement (from mean position) graph: 

(A) is always a straight line passing through origin and slope –1 

(B) is always a straight line passing through origin and slope +1 

(C) is a straight line not necessarily passing through origin 

(D) none ofthe above 

Two simple harmonic motions y, = A sin ot and y, = A cos ot are superimposed on a particle of mass m. 
The total mechanical energy ofthe particle is: 


(А) = = moa? (В) mo?A? (©) т ги (D) zero 


А small ball of density p, is released from rest from the surface of a liquid whose density varies with 
depth h as p= Po (a + Bh). Mass of the ball is m. Select the most appropriate one option. 
(A) The particle will execute SHM 


(B) The maximum speed of the ball is = 


(C) Both (A) and (B) are correct 

(D) Both (A) and (B) are wrong 

(Here о. and В are positive constant of proper dimensions with a < 2) 

The maximum acceleration of a particle in SHM is made two times keeping the maximum speed to be 
constant. It is possible when: 

(A) amplitude of oscillation is doubled while frequency remains constant 

(B) amplitude is doubled while frequency is halved. 

(C) frequency is doubled while amplitude is halved. 

(D) frequency of oscillation is doubled while amplitude remains constant 


ANSWER KEY 
C (e Rar Q3 B Q4 A 
A Q6 С Q7 B Q8 B 
A 0.10 B ОП A 0.12 A 
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C Q46 A 0.47 А 0.48 В 
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EXERCISE 


0.1 1 If force, acceleration and time are taken as fundamental quantities, then the dimensions of length will be: 
t (A) FT? (В) F~! А?Т"! (С) ҒА?Т AT? 


Q.2~ Inacertain system of units, 1 unit oftime is 5 sec, 1 unit of mass is 20 kg and unit of length is 10 m. In this 
= system, one unit of power will correspond to 


] 
(А) 16 watts (B) 16 watts (С) 25 watts :,/; (D) none of these 


Q.3N Three forces Р, О & В are acting at a point in the plane . The angle between P & О and О & Rare 150° 
& 120° respectively, then for equilibrium, forces Р, О & R are in the ratio 


(A) 1:2:3 (В) 1:2: 43 (С)3:2:1 (D) 43 :2:1 


Q.4 J The resultant of two forces Е, and F, is P. If Е, is reversed, then resultant is Q. Then the value of 
(P? + О?) in terms of F, and F, is 
(A) X(F? + F2) (В) F? +F? (С) (Е, +Е,)? (D) none of these 


0.5  Amanrowsaboat with a speed of 18km/hr in northwest direction. The shoreline makes an angle of 15? 
south of west. Obtain the component ofthe velocity of the boat along the shoreline. 


А 
2 km/hr (C)18cos15°km/hr (р) 18 соѕ75° km/hr 





(A)9 km/hr (B)18 


0.6 A bird moves from point (1, —2, 3) to (4, 2, 3) . If the speed ofthe bird is 10 m/sec, then the velocity 


vector ofthe bird is : 

(A) 5 (i-25«3k) (B)5(4i+2}+3k) 00) 0.61«0.8j (D) 6i+8j 
Q.7 y The dimensions ML“! T can correspond (о: 

(A) moment of a force or torque (B) surface tension 

(C) pressure (D) co-efficient of viscosity. 


(useful relation are т = r x F,S-F/,F-6 mnrv, where symbols have usual meaning) 


Q.8 . The pressure of 10° dyne/cm? is equivalent to 


~ 7” (A)IO N/m? (B) 10° N/m? (С) 107 N/m? (D) 108 N/m? 

0.9; Ifarea (A) velocity (v) and density (p) are base units, then the dimensional formula of force can be 
represented as. 
(A)Avp (B) Av?p (C) Avp? (D) А?ур 


Q.10 Ifthe resultant oftwo forces of magnitudes P and Q acting at a point at an angle of 60° is V7 Q, then 
* P/Qis 
(A)1 (B)3/2 (O)2 (D)4 


О.11 Fora particle moving ina straight line, the position ofthe particle at time (t) is given by 
х= 6 – 62 +31+7 
what is the velocity of the particle when it’s acceleration is zero ? 
(А)-9 ms"! (В)- 12 ms"! (C) 3 ms"! (D) 42 ms! 
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AN 


Q.12 Ifthe angle between the unit vectors a and b is 60°, then |а- b | is 
(A) 0 (B) 1 (С)2 (D)4 


0.13) Ina book, the answer for a particular question is expressed as 
ч ma| | 2k/ 
ык 


here m represents mass, a represents accelerations , / represents length. The unit of b should be 
(A) m/s (В) m/s (C) meter (0) / sec. 


Q.14_) The resultant of two forces, one double the other in magnitude is perpendicular to the smaller of the two 
= forces. The angle between the two forces is 


(A) 150° (B) 90° (C) 60° (D) 120° 
Q.15~ Which of the following can be a set of fundamental quantities 
~ (A) length, velocity, time (B) momentum, mass, velocity 
(C) force, mass, velocity (D) momentum, time, frequency 


1 
О.16./ If] unit of mass =4 kg; 1 unit of length = = mand 1 unitoftime = 5 sec, then 1 Joule =x units of energy 


in this system where x = 
(A) 100 units (B) 0.01 units (C) 200 units (D) 0.02 units 
Q.17/ Aman moves towards 3 m north then 4 m towards east and finally 5m towards south west. His displacement 
from origin is 
(А) 542m (В)0 т (С) 12 т (D)5m 


Q.18 / Kinetic energy (К) depends upon momentum (p) and mass (m) of a body as K a p? т? 
"  (A)a-Lh;b-l (В)а=2; 6 =-1 (C) а=2; b=1 (D) a=1; b =2 


Q.19 Use the approximation (1 +x)” = 1 + пх, |х | << 1, to find approximate value for 


(а) 99 @ 


0.20 A particle is in a uni-directional potential field where the potential energy (U) ofa particle depends on 
the x-cordinate given by О, =К(1 – соѕах) &К апа'а' are constants. Find the physical dimensions 
of'a' & К. 





(с) 12413 


О.21/ An enclosed ideal gas A has its pressure P as а function of its volume V as P= P, — a V2, where P, & a 
are constants . Find the physica] dimensions of a . 


Q.22 Use the small angle approximations to find approximate values for (a) sin 8? and (b) tan 5? 


0.23 When two forces of magnitude P and Q are perpendicular to each other, their resultant is of magnitude 


R 
R. When they are at an angle of 180? to each other their resultant is of magnitude T . Find the 
ratio of P and О. 
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Q.24 


o 
«i» 


Q27 


Q.28 
(a) 
(b) 
(c) 


Q.29 


A particle moves along the space curve F =(t2+t)i +(3t-2)j + (20—4t2)k (сіп sec, rin m) Find at 
time t = 2 the (a) velocity, (b) acceleration, (с) speed or magnitude of velocity and (d) magnitude of 
acceleration . 


The time period (T) ofa spring mass system depends upon mass (m) & spring constant (К) & length of 
Force 

the spring (/) [k = Tene 1. Find the relation among, (T), (m), (7) & (К) using dimensional method. 

A body acted upon by 3 given forces is under equilibrium. 


(a) I К! = 10 Nt, | = 6 № 
Find the values of IE; & angle (0). 








(b) Express F, іп unit vector form. 


Е, 


A particle is acted upon by the forces Ñ =2i+aj—3k, E, =5i+cj—bk,F, = bi+5j—7k, 


F, =ci+6j- ak, . Find the values of the constants a, b, c in order that the particle will be in equilibrium. 


A satellite is orbiting around a planet. Its orbital velocity (у) is found to depend upon 

Radius of orbit (R) 

Mass of planet (M) 

Universal gravitation constant (G) 

Using dimensional analysis find an expression relating orbital velocity (v,) to the above physical аиан 


If the four forces as shown are in equilibrium 


Express Е & F, in unit vector form. 





nRT a 

The equation of state for a real gas at high temperature is given by P= —— — Т 

q ы от BINENDE Nus TUN Nat 

where п, Р, У & T are number of moles, pressure, volume & temperature respectively & R is the 
universal gas constant . Find the dimensions of constant а in the above equation. 


The distance moved by a particle in timet from centre of a ring under the influence of its gravity is given 
by x = asinot where a 4 œ аге constants. If œ is found to depend on the radius of the ring (г), its mass 
(m) and universal gravitational constant (G), find using dimensional analysis an expression for in terms 
ofr, m and С. 


Ifthe velocity of light c, Gravitational constant G & Plank's constant h be chosen as fundamental units, 
find the dimension of mass, length & time in the new system. 
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Q.33 


Q.34 


Q.35 


Q.36 


Q.37 


(a) 
(b) 


Q.38 
(a) 


(b) 
(с) 


0.39 


0.40 


(а) 
(b) 


A plane body has perpendicular axes OX and OY marked on it and is acted on by following forces 
5P in the direction OY 
4P in the direction OX 
10P in the direction OA where A is the point (3a, 4a) 
15Р in the direction AB where B is the point (— a, a) 
Express each force in the unit vector form & calculate the magnitude & direction of sum of the vector of 
these forces. 


Two vectors have magnitudes 3 unit and 4 unit respectively. What should be the angle between them if 
the magnitude of the resultant is (a) 1 unit, (b) 5 unit and (c) 7 unit. 


A vector A of length 10 units makes an angle of 60° with a vector В of length 6 units. Find the magnitude 
of the vector difference А — B & the angle it makes with vector А. 


At time t the position vector ofa particle of mass m=3kgis givenby F = 611 – ty + cost k . Find the 


Ж т 
resultant force F (t), magnitude of its acceleration when t= — & speed whent- л. 


Given that the position vector of a particle moving in x-y plane is given by т = (t? — 4) i 4 (t— 4) j. Find 
Equation of trajectory ofthe particle 
Time when it crosses x-axis and y-axis 


The velocity time graph of a body moving in a straight line is shown. 
Find its 

instantaneous velocity att — 1.5 sec. 

average acceleration from t = 1.5 sec. to t = 2.5 sec. 

draw its acceleration time graph from t = 0 to t — 2.5 sec 


velocity in m/sec 





time in sec 


The curvilinear motion of a particle is defined by v =50-16t and y=100-4t’, where v, is in metres рег 
second, y is in metres and t is in seconds. It is also known that х=0 when t=0. Determine the velocity (v) 
and acceleration(a) when the position y=0 is reached. 


The force acting on a body moving in a straight line is given by F = (3t?— 4t +1) Newton where t is in sec. 
If mass of the body is 1kg and initially it was at rest at origin. Find 

displacement between time t = 0 andt=2 sec. 

distance travelled between time t= 0 and t — 2 sec. 
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ол 
0.6 
0.11 
0.16 


0.20 


0.23 
0.24 


0.25 


0.27 


0.29 
0.32 


0.33 
0.34 
0.36 
0.37 


0.38 


0.39 


ANSWER KEY 


EXERCISE # 1 
Do o. Qu. A 03 D Q4 A 0.5 А 
р AT E Q8 A 09 B Q.10 C 
A Q.12 B Q.13 C 0.14 D Q.15 
A 0.17 В 0.18 В 0.19 (a) 9.95, (b) 0.99, (c) 4.986 
Ірі, MLT? 021 МЕТ? Q.22 0.14, 0.09 
NE 
(а) 51+ 3j + 8k, (b) 2i 16k, (c) 74/2 , (d) 24/65 
m = A 
T= aT 026 (a) Ё =14N, (b) E, = -6i 
IGM 
=~7,b=-3,c=- 28 у= к 
а қ ,c=-4 0.28 у, ky R 
Е (29-1243 ) - i ST2K12 =К [бт 
; 29-1243) (-}) 0.30 MD/T2K 031 e-K ^ 


[M] E [b12.c12«G- V2]. [1] 26 [h2- c 367] [T] = [6172 А c2 3 G!?] 
5р j4P i,6P i+8P j, -12P1—9P j, 20, tan ![-2] with the +ve x axis 


o o ` -| = 
(а) 180°, (b) 90°, (c)0 0.35 2/19 ;cos 2/19 
-18t j - 3cost К; 315 3 4/4 + п 


(a) y? + 8y +12 = x ; (b) crosses x axis when t = 4 sec. , crosses y axis when t = + 2 sec. 


(a) m/s , (5) mus оне 





v=-301-40j, а=-161-—8} 0.40 (a) ут, (b)t=0,1 
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SHORT QUESTIONS 


A person wets his eyeglass to clean them. As the water evaporates he notices that for a short time the 
glass become markedly more non reflecting. Explain. 


A lens is coated to reduce reflection. What happens to the energy that had previously been reflected? Is 
it absorbed by the coating? 


If interference between light waves of different frequencies is possible, one should observe light beats, 


just as one obtains sound beats from two sources of sound with slightly different frequencies. Discuss 


how one might experimentally look for this possibility. 


What is the shape of interference fringes as seen on a screen perpendicular to the line joining the sources 
in Young's interference experiment if the source are (a) pinholes, (b) slits? 


In Young's double slit experiment why must the slits be close and of same width? 


In Young's double slit experiment why do we use monochromatic light ? If white light is used, how would 
the pattern change? 


Will interference be observed in Young's double-slit experiment if the light from a source falls directly on 
the two slits? < 


In what direction will the fringe system shift if a glass plate is interposed in the path of one of the interfering 
beams? 


Suppose that a radio station broadcasts simultaneously from two transmitting antennas at two different 
locations. Is it clear that your radio will have better reception with two transmitting antennas rather than 
one? Justify your answer. 
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ONLY ONE OPTION IS CORRECT. 


Take approx. 2 minutes for answering each question. 


Q.1 


0.3 


0.4 


0.5 


0.6 


0.7) 


0.8 


(В) Points А and B are bright and point C and D are dark. 






Figure, shows wave fronts in still water, moving in the direction of the 
arrow towards the interface PQ between a shallow region and a 
deep(denser) region. Which ofthe lines shown may represent one of 
the wave fronts in the deep region? 


(A)1 (B) Il (Сс) (D)IV Q 


shallow I 


Two coherent monochromatic light beams of intensities | and 41 are superposed. The maximum and 
minimum possible intensities in the resulting beam are : 
(A) 51 and I (В) 51 and 31 (С) 91 and I (D) 91 and 31 


Two point monochromatic and coherent sources of light of wavelength 1 are placed on the dotted line in 


- front ofan large screen. The source emit waves in phase with each other. The Ша? between S, and 


S, 15 'd' while their distance from the screen is much larger. Then, 
(1) — Ifd = 7272, О will be a minima 

(2) > If d = 4.32, there will be a total of 8 minima on y axis. 
(3) > lfd = 7A, О will be a maxima. 

(4) 9 If d = А. there will be only one maxima on the screen. 
Which is the set of correct statement : 

(А)1,2%3 (B) 2,3 & 4 (C)1,2,3 &4 (D) 1,3 64 





Figure shown plane waves refracted for air to water using Huygen's 

principle a, b, c, d, е are lengths on the diagram. The refractive index of 

water wrt air is the ratio. 

(A) a/e (B) b/e (C) b/d (D) d/b 


When light is refracted into a denser medium, 

(A) its wavelength and frequeny both increases 

(B) its wavelength increase but freqnency remains unchanged 
(C) its wavelength decrease but freqnency remains unchanged 
(D) its wavelength and freqnency both decrease. 





Two point source separated by d= 5 um emit light of wavelength А =2 
um in phase. А circular wire of radius 20 um is placed around the source 
as shownin figure. 

(A) Point A and B are dark and points C and D are bright. 





(C) Points A and C are dark and points B and D are bright. 
(D) Points A and C are bright and points B and D are dark. 


Plane microwaves from a transmitter are directed normally towards a plane reflector. A detector moves 
along the normal to the reflector. Between positions of 14 successive maxima, the detector travels a 
distance 0.13 m. If the velocity of light is 3 x 108 m/s, find the frequency ofthe transmitter. 

(A) 1.5 x 10!9 Hz (B) 10!? Hz (C)3 x 1010 Hz (D) 6 x 10!? Hz 


Two monochromatic (wavelength — a/5) and coherent sources of electromagnetic waves are placed on 
the x-axis at the points (2a, 0) and (-а, 0). Adetector moves in a circle of radius R(>>2a) whose centre 
is at the origin. The number of maximas detected during one circular revolution by the detector are 
(A) 60 Е (В) 15 . (C) 64 (D) None 
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0.10 


р 


m 
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Q.1? 


Q.13 


Q.14 


Q.15 


Q.16 


Two coherent narrow slits emitting light of wavelength A in the same phase are placed parallel to each 
other at a small separation of 3. The light is collected on а screen S which is placed at a distance D 
(>> А) from the slits. The smallest distance x such that the P is a maxima 


3 
(А) 43р ` (B J&D | 
о 


ы D 58—45; 
(©) ур (о) /57 





5 
Two coherent sources of light are placed at points (- - , 0) and (+ 2 0). Wavelength of the light is 


4a : j : ет Tus is 
= How many maximas will be obtained on а CD planar circle of large radius with centre at origin. 


(A) 12 (B) 15 (C) 16 (D) 14 


In YDSE how many maxima сап be obtained on the screen if wavelength of light used is 200nm and 
а = 700 nm: x 
(А) 12 (В)7 (С) 18 (О) none of these 


Ina YDSE, the central bright fringe can be identified : 
(A) asit has greater intensity than the other bright fringes. 
(B) as itis wider than the other bright fringes. 

(C) as itis narrower than the other bright fringes. 

(D) by using white light instead of single wavelength light. 


In Young's double slit experiment, the wavelength of red light is 7800 A and that of blue light is 5200 А. 
The value of n for which n* bright band due to red light coincides with (п + 1)" bright band due to blue 
light, is : 

(A) 1 (В) 2 (C)3 (D)4 


Ifthe Young's double slit experiment is performed with white light, then which ofthe following is not true. 
(A) the centrel maximum will be white (B) there will not be a completely dark fringe 
(C) the fringe next to the central will be red (D) the fringe next to the central will be violet 


Imagine a Young's double slit interference experiment performed with waves associated with fast moving 
electrons produced froman electron gun. The distance between successive maxima will decrease maximum if 
(A) the accelerating voltage in the electron gun is decreased 

(B) the accelerating voltage is increased and the distance ofthe screen from the slits is decreased 

(C) the distance ofthe screen from the slits is increased. 

(D) the distance between the slits is decreased. 


Two identical narrow slits S, and S, are illuminated by light of wavelength A from a point source Р. 
S; : 





If, as shown in the diagram above the light is then allowed to fall on a screen, and if nis a positive integer, 
the condition for destructive interference at Q is that 

(A) (J, - 5) = Qn + 2 (В) (1, -1)) = Qn + 1/2 

(C) (1 * 5) - (5 * 1) = nX (D), * 4) - (l, + 4,) = (2n + 152 


pr————————————————————————————————————MÓ'áÉÁÉÁÁÁÁe d 
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0.18 


0.19 


0.20 


0.21 


0.22/ 


0.23 


0:24 


In Young's double slit experiment, the two slits act as coherent sources of equal amplitude А and wavelength 
А. In another experiment with the same setup the two slits are sources of equal amplitude A and wavelength 
À but are incoherent. The ratio of the intensity of light at the midpoint of the screen in the first case to that 
in the second case is 

(A) 1:1 (B)2:1 (С)4:1 (D) none of these 


In а Young's double slit experiment, a small detector measures an intensity of illumination of] units at the 
centre of the fringe pattern. If one of che two (identical) slits is now covered, the measured intensity will be 
(A) 21 (B) 1 (C) 1/4 (D) 1/2 


A student is asked to measure the wavelength of monochromatic light. 
He sets up the apparatus sketched below. $, 5,, S, are narrow parallel 
slits, L is a sodium lamp and M is a microscope eyepiece. The student 
fails to observe interference fringes. Your first advice to him will be Oils, [= 





M 
(A) increase the width of S, : 
(B) decrease the distance between S, and S, 
(C) replace L with a white light source 
(D) replace M with a telescope 
(Е) make 5, and S, wider. 
Light of wavelength 520 nm passing through a double slit, 
produces interference pattern of relative intensity versus fı 
deflection angle 9 as shown in the figure. The separation d 
between the slits is 
(A) 2 x 10-2 mm (B)5x10?mm ->4 
(C) 4.5 x 102 mm (D) 1.1 x 102 mm ғы 


In Young's double slit experiment the slits аге 0.5 mm apart and the interference is observed оп a screen 
at a distance of 100 cm from the slit. It is found that the 9th bright fringe is at a distance of 7.5 mm from 
the second dark fringe from the centre of the fringe pattern. The wavelength of the light used 15 


(А) == А (В) 2500 А (С) 5000 А (D) --- 


Ina YDSE apparatus, two identical slits are separated by 1 mm and distance between slits and screen is 
1 m. The wavelength of light used is 6000 A. The minimum distance between two points on the screen 
having 75% intensity of the maximum intensity is : 

(A) 0.45 mm (B) 0.40 mm (C) 0.30 mm (D) 0.20 mm 


In a young double slit experiment D equals the distance of screen and d is the separation between the slit. 
The distance of the nearest point to the central maximum where the intensity is same as that due to a 
single slit, is equal to 

DA рл рл 20А 
(А) —— (B) 24 (934 (D) ^^ 


A beam of light consisting of two wavelength 6300 A and À А is used to obtain interference fringes in a 
Young's double slit experiment. If 4" bright fringe of6300 A coincides with 5* dark fringe of À A, the 
value of À (in A) is 

(A) 5200 (B) 4800 (C) 6200 (D) 5600 


—Ó——M—————————ÁÁÓ S ети ааа 
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Q.25 


Q.26 


Q.27 


Q.28 


A beam of light consisting of two wavelengths 6500A and 5200A is used to obtain interference fringes 
in Young’s double slit experiment. The distance between slits is 2 mm and the distance of screen from 
slits is 120 cm. What is the least distance from central maximum where the bright due to both wavelength 
coincide? 

(A) 0.156 cm (B) 0.312cm (C) 0.078 cm (D) 0.468 cm 


Іп a two slit experiment with monochromatic light, fringes are obtained on a screen placed at some 
distance from the slits. If the screen is moved by 5 x 10 ? m towards the slits, the change in fringe width 
is3 x 105 m. If separation between the slits is 10-3m, the wavelength of light used is: 

(A) 6000 À (B) 5000 À (C) 3000 À ` (D)4500À 


The ratio of the intensity at the centre of a bright fringe to the intensity at a point one-quarter of the 
fringwidth from the centre is 
(A)2 (В) 1/2 (C)4 (D) 16 


In YDSE, let S, and S, be the two slits, and C be the centre ofthe screen. If 0 is the angle S, CS; and 
À is the wavelength, the fringe width will be : 


4 2X А 
(95 Qe OF (D) zc 


Q.29 \ In a Young's Double slit experiment, first maxima is observed at a fixed point P on the screen. Now the 


Q.30 


Q.31 


0.32 


0.33 


screen is continuously moved away from the plane of slits. The ratio of intensity at point P to the intensity 
at point O (centre of the screen) 

(A) remains constant 

(B) keeps on decreasing . 

(C) first decreases and then increases 

(D) First decreases and then becomes constant 





In a double slit experiment, the separation between the slits is d = 0.25 cm and the distance of the screen 
D = 100 cm from the slits. If the wavelength of light used is A = 6000A and I, is the intensity of the 
central bright fringe, the intensity at a distance x = 4 x 10-5 m from the central maximum is 


(A), (В) I, /2 (С) 31/4 (D) 1/3 


A monochromatic light source of wavelength À is placed at S. Three slits S,, 5, 
and S, are equidistant from the source S and the point P on the screen. 
S,P - S;P = А6 and S,P - $,Р = 23/3. IfI bethe intensity at P when only one 
slit is open, the intensity at P when all the three slits are open is 2$ 
(А)31 (В)51 

(С)81 (D) zero | elc 





In young's double slit experiment, the value of À = 500 nm. The value of = 1 mm, D = 1 m. Then the 
minimum distance from central maximum for which the intensity is half the maximum intensity will be 
(A) 2.5 x 104m (B)2 x 104 т (С) 1.25 х104т (р) 104 т 


Two slits аге separated by 0.3 mm. A beam of 500 nm light strikes the slits | 
producing an interference pattern. The number of maxima observed in the angular 

range ~ 30° <6 < 30°. 

(A) 300 (B) 150 | 
(С) 599 —- (р) 149 
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0.34 Inthe figure shown ifa parallel beam of white light is incident on the 
plane of the slits then the distance of the white spot on the screen from 
О is [Assume d << D, À «« d] о 
(A) 0 (B) d/2 а! 
(С) 4/3 (D) d/6 


Q.35 Intheabovequestion ifthelight incident is monochromatic and point O is a maxima, then the wavelength 
ofthe light incident cannot be 


(А) d?/3D қ (В) 42/60 
(С) а2/12р |. (D) а2/18р 


0.36 In Young's double slit arrangement, water is filled in the space between screen and slits. Then : 
(A) fringe pattern shifts upwards but fringe width remains unchanged. 
(B) fringe width decreases and central bright fringe shifts upwards. 
(C) fringe width increases and central bright fringe does not shift. 
(D) fringe width decreases and central bright fringe does not shift. 


0.37 A parallel beam of light 500nm is incident at an 
angle 30? with the normal to the slit plane in a 
young's double slit experiment. The intensity due 


A 
to each slit is Io. Point О isequidistant from S, 22 1 





and S». The distance between slits is 1mm. : ium X. emerit pug cem v 
(A) the intensity at O is 4Io n B 

(B) the intensity at O is zero. кай 

(C) the intensity at a point on the screen 4mm from О is 410 

(D) the intensity at a point on the screen 4mm from O is zero. Screen 





0.38 Light of wavelength А in air enters a medium of refractive index р. Two points in this medium, lying along 
the path of this light, are at a distance x apart. The phase difference between these points is : 





2nux 2лх 2n(u - 1)х 2nx 
(a) == B) x oS ©) Gn 
0.39 InYDSE, the source placed symmetrically with respect to the slit is | 
now moved parallel to the plane of the slits so that it is closer to the «ш iS) 
üppersit;dsshown. The,  -....... “фә ктккктатасан аав 15, 


(A) the fringe width will increase and fringe pattern will shift down. | 
(B) the fringe width will remain same but fringe pattern will shift up. 

(C) the fringe width will decrease and fringe pattern will shift down. 

(D) the fringe width will remain same but fringe pattern will shift down. 


0.40 Inthefigure shown in YDSE, a parallel beam of light is incident on the slit from a medium of refractive 
index n}. The wavelength of light in this medium is А. A transparent slab of thickness ‘t’ and refractive 
index n, is put infront of one slit. The medium between the screen and the plane of the slits is п, The 
phase difference between the light waves reaching point ‘O’ (symmetrical, relative to the slits) is : 


2x am M. 
(A) nj, (n,—n,)t (B) тті (n,-n,)t ы 
| xm о 
211) n3 - 2nn, РЕ 
n —=-] | . 
© пз Ay E ) (D) ay (n,—n,)t м | 
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0.41 


0.42 


0.43 


0.44 


0.45 


0.47 


0.48 


In a YDSE experiment if a slab whose refractive index сап be varied is placed in front of one of the slits 
then the variation of resultant intensity at mid-point of screen with ‘и’ will be best represented by 
(и > 1).[Assume slits of equal width and there 15 no absorption by slab] 


(C) (D) 
pel 4 pel pel а peal T 





Young's double slit experiment is carried with two thin sheets of thickness 
10.4 рт each and refractive index u,= 1.52 and u, = 1.40 covering the slits 
S, and $,, respectively. If white light ofi range 400 nm to 780 nm is used then which 
wavelength will form maxima exactly at point O, the centre of the screen ? 

(A) 416 nm only (В) 624 nm only : 
(С) 416 nm and 624 nm only (D) none of these Sereen 


A light of wavelength 6300A shine on a two narrow slits separated by a distance 1.0 mm and illuminates 
a screen at a distance 1.5 m away. When one slit is covered by a thin glass of refractive index 1.8 and 
other slit by a thin glass plate of refractive index 1, the central maxima shifts by 6°. Both plates have same 
thickness of 0.5 mm. The value of refractive index н of the plate is 

(A) 1.6 .(B)1.7 (C) 1.5 (D) 1.4 





3 < Өрт” 
Minimum thickness of a mica sheet having u = 2 which shoule be placed in front of one of the slits in 


YDSE is required to reduce the intensity at the centre of screen to half of maximum intensity is 
(A) АА (B) A/8 (С) М2 (б) АЗ 


Inthe YDSE shown the two slits аге covered with thin sheets having thickness t & 2t and refractive index 
2p and и. Find the position (y) of central maxima 


tD {2н 
(A) zero (В) d m {| T 
—*n 
tD cx 121 


(C) - d (D) None 


Ina YDSE with two identical slits, when the upper slits is covered with a thin, perfectly transparent 
sheet of mica, the intensity at the centre of screen reduces to 75% of the initial value. Second minima is 
observed to be above this point and third maxima below it. Which ofthe following can not be a possible 
value of phase difference caused by the mica sheet 

п 137 17% lix 
(A) 5 (В) = (C) (D) = 
The figure shows a transparent slab of length 1m placed in air whose refractive index in x direction 
varies as и = 1 + х0 € x 1). The optical path length of ray R will be 


2 

4 А Im X 
(С) ум (D) /2 т 
Two monochromatic and coherent point sources of light are placed at a certain distance from each other 
in the horizontal plane. The locus of all those points in the horizontal plane which have construct interference 
will be 
(A) ahyperbola (B) family of hyperbolas 
(С) family of straight lines “7 (б) family of parabolas 
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A 
2 


+ 


0.: 49: А thin slice is cut ош of a glass cylinder along a plane parallel to its axis. The slice is placed опа flat glass 


ж, 


0.5 
üt. 
3 


52 


e 


Q.53 


Q.54 


Q.55 


Q.56 


г plate with the curved surface downwards. Monochromatic light is incident normally from the top. The 


observed interference fringes from this combination do not follow one ofthe following statements. 

(A) the fringes are straight and parallel to the length ofthe piece. 

(B) theline of contact ofthe cylindrical glass piece and the glass plate appears dark. 

(C) the fringe spacing increases as we go outwards. 

(D) the fringes are formed due to the interference of light rays reflected from the curved surface ofthe 
cylindrical piece and the top surface ofthe glass plate. 


A circular planar wire loop is dipped in a soap solution and after taking it out, held with its plane vertical 
in air. Assuming thickness of film at the top very small, as sunlight falls on the soap film, & observer 
receive reflected light 

(A) the top portion appears dark while the first colour to be observed as one moves down is red. 

(B) the top portion appears violet while the first colour to be observed as one moves down is indigo. 
(C) thetop portion appears dark while the first colour to be observed as one move downis violet. 

(D) thetop portion appears dark while the first colour to be observed as one move down Sis cde on 
the refractive index ofthe soap solution. te А" 


A thin film of thickness / and index of refraction 1.33 coats a glass with index of refraction 1.50. What is 


* the least thickness ¢ that will strongly reflect light with wavelength 600 nm incident normally?’ : 


(A) 225 nm (B) 300 nm (C) 400 nm (D) 450 nm 


It is necessary to coat a glass lens with a non-reflecting layer, If the wavelength of the light in the coating 
is A, the best choice is a layer of material having an index of refraction between those of glass and air and 
a thickness of 


А 3. ЗА, 
(a) e e) (D) 


Radio waves coming at < a to vertical are recieved by a radar after reflection from a nearby water 
surface & directly. What should be height of antenna from water surface so that it records a maximum 
intensity. (wavelength = A). 








(A) 


2соѕ а (В) 2sina 











(С) 4sina (D) 4cosa 

In a biprism experiment the distance of source from biprism is 1 m and the distance of screen from 
biprism is 4 metres. The angle of refraction of biprism is 2 x 10-3 radians. и of biprism is 1.5 and the 
wavelength of light used is 6000A. How many fringes will be seen on the screen? 

(А) 4 (В) 5 (С)3 (Ы) 6 

In а biprism experiment using sodium fight 4 = 6000 A an interference pattern is obtained іп which 20 
fringes occupy 2 cm. On replacing sodium light by another source of wavelength À, without making any 
other change 30 fringes occupy 2.7 cm on the screen. What is the value оҒ2.,? 

(A) 4500 A (В) 5400 А (C) 5600 A (D) 4200 A 


A parallel coherent beam of light falls on fresnel biprism of refractive index и and angle a. The fringe 
width on а screen at a distance D from biprism will be (wavelength = А) 


EM 3 AD D 
(^? 2t - Da B) зато ©) (а-а ТЕЛІ 
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ONE ОК MORE THAN ONE OPTION MAY ВЕ CORRECT. 


Take approx. 3 minutes for answering each question. 


Q.1 


Q.3) 


Q.5 


Q.6 


Q.7 


Q.8 


To observe a stationary interference pattern formed by two light waves, it is not necessary that they must 
have : 

(A) the same frequency (B) same amplitude 

(C) a constant phase difference (D) the same intensity 


A light of wavelength 600nm in air enters a medium of refractive index 1.5. Inside the medium : 
(A)itsfrequencyis5 x 10^ Hz ` (B) its frequency is 7.5 х 10'4 Hz 
(C) its wavelength is 400nm (D)its wavelength is 900nm 


Four monochromatic and coherent sources of light, emitting waves in phase of wavelength А, are placed 
at the points — x = 0, d, 2d and 3d on the x-axis. Then 

(A) points having | x | >> d appear dark ifd = 2/4 

(B) points having | x | >> appear dark ifd = 2/8 


(©) points having | x | >> d appear maximum bright if d = А/4 


(D) points having | x|>>d appear maximum bright if d = A/8 


In the above question, the intensity of the waves reaching a point P far away on the +x axis from each of 
the four sources is almost the same, and equal to I. Then, 

(A) If d = A/4, the intensity at P 15 41). (В) Ifd = А/6, the intensity at P is 31). 

(C)Ifd=/2, the intensity at Pis3lj. (0) none of these is true. 


The figure shows two points source which emit light of wavelength À in phase with each other and are at 
a distance d = 5.5 А apart along a line which is perpendicular to a large screen at a distance L from the 
centre of the source. Assume that d is much less than L. Which of the following statement is (are) 
correct? | 
(A) Only five bright fringes appear on the screen 
(B) Only six bright fringes appear on the screen 
(C) Point y = 0 corresponds to bright fringe 

(D) Point y = 0 corresponds to dark fringe. 





White light is used to illuminate two slits ina YDSE. The separation between the slits is d and the screen 
is at adistance D (D >> d) from the slits. At a point on the screen directly in front of one ofthe slits, which 
ofthe following wavelengths are missing. 


d“ 2d? d? 2d? 
A) — By ады р) — 
(9% ш) р © 35 ( 3D 


Ina YDSE apparatus, we use white light then : 
(A) the fringe next to the central will be red (B) the central fringe will be white. 
(C) the fringe next to the central will be violet (D) there will not be a completely dark fringe. 


If the source of light used ina Young's Double Slit Experiment is changed from red to blue, then 
(A) the fringes will become brighter 

(B) consecutive fringes will come closer 

(C) the number of maxima formed on the screen increases 

(D) the central bright fringe will become a dark fringe. 


wt - 
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Q9 


Q.10 


Q.11 


Q.12 


О. 14 


0.15 


In a Young's double slit experiment, green light is incident on the finge 22 
two slits. The interference pattern is observed on а screen. Which E 
ofthe following changes would cause the observed fringes to > 
be more closely spaced? 

(A) Reducing the separation between the slits 

(B) Using blue light instead of green light 


(C) Used red light instead of green light bm 
(D) Moving the light source further away from the slits. light waves 


PUN 


In a Young's double-slit experiment, let A and B be the two slits. Athin film of thickness t and refractive 
index Lis placed in front of A. Let В = fringe width. The central maximum will shift : 
p 


(A) towards A (B) towards B (С) by t (u- 1) 2 (D) by ut "n 


In the previous question, films of thicknesses t, and t, and refractive indices мд and ць, are placed in 
front of Aand B respectively. If u,t, = изв, the central maximum will : 

(A) not shift 22 (B) shift towards A 

(C) shift towards B (D) option (B), ift, > ta; option (C) ifti «t4 


In a double slit experiment, instead oftaking slits of equal widths, one slit is made twice as wide as the 
other. Thenin the interference pattern : 

(A) theintensities of both the maxima and minima increase. 

(B) the intensity ofthe maxima increases and the minima has zero intensity. 

(C) the intensity ofthe maxima decreases and that of minima increases. 

(D) the intensity of the maxima decreases and the minima has zero intensity. 


Ina YDSE, if the siits are of unequal width : 

(A) fringes will not be formed 

(B) the positions of minimum: intensity will not be completely dark 

(C) bright fringe will not be formed at the centre of the screen. 

(D) distance between two consecutive bright fringes will not be equal to the distance between two 
consecutive dark fringes. 


Ifone of the slits of a standard YDSE apparatus is covered by a thin parallel sided glass slab so that it 
transmit only one halt’ of the light intensity of the other, then : 

(A) the fringe pattern will get shifted towards the covered slit. 

(B) the fringe pattern will get shifted away from the covered slit. 

(C) the bright fringes will be less bright and the dark ones will be more bright. 

(D) the fringe width will remain unchanged. 


To make the central fringe at the centre O, a mica sheet of refractive 
index 1.5 is introduced. Choose the correct statements (s). 


> 1 жесе $ 
(A) The thickness of sheet is 2(42 -1)4 infront ofS}. sek x 


(B) The thickness of sheet is (4/2 — |)d infront of S}. 





(C) The thickness of sheet is 2 4/2 d infront of S, 
(D) The thickness of sheet is (24/2 — 1) d infront of S}. 
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0.16 


0.17 


0.18 


Question No. 16 to 19 (4 questions) | 
1 
* 


The figure shows a schematic diagram showing the arrangement of Young's aj 3 954 

Double Slit Experiment i ar О 
+] 92 [Screen 

Choose the correct statement(s) related to the wavelength of light used “рн” 


(A) Larger the wavelength of light larger the fringe width 

(B) The position of central maxima depends on the wavelength of light used 

(C) If white light is used in YDSE, then the violet colour forms its first maxima closest to the central 
maxima 

(D) The central maxima of all the wavelengths coincide 


Ifthe distance D is varied, then choose the correct statement(s) | 
(A) The angular fringe width does not change , 
(B) The fringe width changes in direct proportion 
(C) The change in fringe width is same for all wavelengths 

(D) The position of central maxima remains unchanged 


If the distance d is varied, then identify the correct statement 
(A) The angular width does not change 

(B) The fringe width changes in inverse proportion 

(C) The positions of all maxima change 

(D) The positions of all minima change 


Identify the correct statement(s) ifthe source slit S moved closer to §,S,, i.e. the distance # decreases 
ЖО nothing happens to fringe pattern CB) fringe pattern may gets less sharp 
(2) fringe width remains unchanged «D fringe pattern may dissapear 
Answer Kev 
qos 610 da 810 аяу [ГО 
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